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Exceptional original qualities, consistently retained under extremes 
of heat and humidity, are the reason more and more geophysicists 


are turning to Haloid Record. 


¥ Even though your present paper seems satisfactory, we are confident 
a thorough trial under your own conditions will convince you of 
Record’s superiority. That’s why we’d like to send you several sample 


cans. Let us know your regular size. Maximum, in cans, 8” x 200’. 


THE HALOID COMPANY, 398 Haloid St., ROCHESTER, N.Y. 
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GEO 
ALL agree on this Coring and Drilling Unit 
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REASURERS 


GEOLOGISTS like the accurate informative cores, from any formation, even 
from soft sands interbedded with shales. DRILLERS like the BJ Elliott Wire 
Line Core Drill, because of its simple design, and because they can drill and 
core in any desired sequence, at a speed about the same as for straight drilling. 
TREASURERS find the cost per foot of core extremely low, and the cost per 
foot of drilled hole almost as low as for regular drilling. 


Streamlined Bits 
are of the piloted 
type, and by dis- 
charging circula- 
tion close to the 
bottom the cut- 
ting and reaming 
edges are cleaned 
and cooled, Faster 
eutiing and in- 
creased footage are 
thus secured, a 

cuttings are 
flushed off the bot- 
tom of the hole to 
eliminate re-grind- 
ing of formation 
already cut. 2- 


available, with all 
reaming and cut- 
ting edges heavily 
faced with tung- 
sten carbide. 


Roller Cutters on 
BJ Elliott Hard 
Formation Bits are 
available with long 
teeth for shales 
and with short 
teeth for hard sand 
and rock, all teeth 
being faced with 
tungsten carbide. 
The cutting action 
and wearing quali- 
ties of these Bits 
are unsurpassed 
by any type of 
coring bit now in 
use. 


Standard Spring 
Type Core Catch- 
ers are used in or- 
dinary hard sand 
and rock, 


The Basket Type 
Core Catcher is 
ideal for soft sands 
and_ loosely con- 
solidated forma- 
tions, 


The Venturi Valve at the top of the Inner (Core- 
taking) Barrel in a BJ Elliott Wire Line Core 
Drill exerts an upward suction which reduces the 
pressure inside of the Inner Barrel a substantial 
amount below the pressure around the Inner 
Barrel ano at the bottom of the hole. This suction 
removes mud and cuttings from the top of the 
Inner Barrel, and assists in the easy entry past the 
core catcher of cores from any formation. 


Cores taken with a BJ Elliott Wire Line Core 
Drill average 10 feet in length; all cores are ac- 
curate, uncontaminated cross sections of the for- 
mation being drilled; and these cores can be re- 
moved easily from the barrel. Suitable Bits and 
Core Catchers, as illustrated and described at left, 
provide for operating in various formations. 


Ask the nearest Byron Jackson Office for details 
as applied to your coring and drilling problems. 


BYRON JACKSON CO. 


6247 Navigation Blvd.. HOUSTON, TEXAS 
2150 E. Slauson Ave., LOS ANGELES, CALIFORNIA 
420 Lexington Ave.. NEW YORK, N.Y. 


BJ ELLIOTT 


WIRE LINE CORE DRILL 
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Shawnee, Okla. 


Seagraves, Texas 
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DIRECTIONAL 
DRILLING 


becomes more efficient 
than ever before! 


ih 


(KOTHNY-KEEVER) 


WHIPSTOCK 


Introduced only a short time ago, the 
K-K Whipstock has already won a name 
for itself. In directional drilling of all 
kind hether for objective drilling, 
straightening crooked holes, or side- 
tracking lost tools—this new instrument 
does a remarkable job. 


Its unique construction features a curved 
inner channel in the same vertical axis 
as the drill pipe. This confines the bit in 
the channel throughout the whole length 
of its travel against the inner surface, 
thus preventing the bit from rolling off 
- . + avoiding keyseating the hole and 
wedging action between bit and inner 
face of the whipstock. The new hole be- 
comes practically a continuation of the 
old hole but in a new direction. The 
K-K Whipstock is easily removed from 
the hole at will by a “Go-Devil” oper- 
ated Retrieving Sub, ged b 

the bit and the drill pipe. 


For full information on the new K-K 
Whipstock and Removal Sub, write di- 
rectly to our Philadelphia office. 


Corpus Christi, Texas Houston, Texas Lafayette, La. 


Long Beach, Calif. Bakersfield, Calif. 
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1935 Geology of Natural Gas. Symposium on occurrence and geology of | 
natural gas in North America. By many authors. 1,227 pp., 250 illus. | 


6 x 9 inches. Cloth. To members and associates, $4.50 ............... $ 6.00 

1936 Geology of the Tampico Region, Mexico. By John M. Muir. 280 pp., 5 
15 half-tone plates, 41 line drawings, 9 tables. 6 x 9 inches. Cloth. To / 


1936 Gulf Coast Oil Fields. Symposium on Gulf Coast Cenozoic. By 52 
authors. Chiefly papers reprinted from the Association Bulletin of 1933- 
1936 gathered into one book. xxii and 1,070 pp., 292 figs., 19 half-tone 
pls. 6 x 9 inches. Cloth. To members and associates, $3.00 ............ 4.00 


1936 Areal and Tectonic Map of Southern California. By R. D. Reed and J. S. 
Hollister. In 10 colors. From “Structural Evolution of Southern Cali- 
fornia,” December, 1936, Bulletin. Scale, % inch = 1 mile. Map and 4 
structure sections on strong ledger paper, 27 x 31 inches, rolled in mail- 
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1937 Comprehensive Index of 20 volumes of the Bulletin and all special publi- 
cations of the Association (1917-1936). By Daisy Winifred Heath. 
382 pp., 6.75 x 9.5 inches. Paper. To paid up members and associates, 


1938 Miocene Stratigraphy of California. By Robert M. Kleinpell. 450 pp., 
14 line drawings, including a large correlation chart. 22 full-tone plates 
of foraminifera; 18 tables (check lists and a range chart of 15 pages). 
6 x 9 inches. Cloth. To members and associates, $4.50 .............. 5.00 


1939 Recent Marine Sediments. Symposium of 34 papers by 31 authors. Col- 
lected by the committee on*sedimentation, Division of Geology and 
Geography, National Research Council. 736 pp., 139 figs. 6 x 9 inches. 
Cloth. To members and associates, $4.00 5.00 


Prices postpaid. Write for discount to colleges and public libraries. 


In Oklahoma, add 2 per cent for sales tax. 
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FOR JELFLAKE . . 


Prevents Mud Losses—Regains Circulation—Controls 
Cement Slurry Placement 


Research scores again! JELFLAKE is a chemi- 
cally inert flaky substance used exclusively 
by Dowell for regaining lost circulation in drill- 
ing wells. One of its important uses is with 
bentonite and cement for sealing off highly 
porous formations where the cement slurry is 
being lost. JELFLAKE is also useful in acidiz- 
ing oil wells. Small amounts can be added to 
Jelly Seal to improve its temporary plugging 
properties in extremely porous formations. 


JELFLAKE is a superior agent because it has 
enormous area per unit of weight, high tensile 
strength and is unaffected physically or 
chemically by water or mud; will not ball 
up, accumulate or bridge in the hole, and 
stays in suspension. JELFLAKE will pass 
readily through most types of pump valves. 
Nearly every formation in which mud or 
cement is lost can be readily sealed off with 
JELFLAKE. 


Wet JELFLAKE forms a tough, slimy flake 
which retains its strength permanently even 
though it be mixed in the mud or cement 
slurry. Consequently, it is an improvement 
over other substances used for this purpose. 


JELFLAKE Advantages: 


®Helps prevent or stop lost circulation more 
completely than any substance yet de- 
veloped for this purpose. 


@ls not materially affected by oil or mud 
and does not lose its desirable properties 
after being subjected to these fluids. 

Prevents cement slurry loss, permitting the 
cement to be pumped to the desired height 
behind the pipe. 


®Settles very slowly and will not appreciably 
affect the viscosity or reduce the capacity 
to carry away cuttings. 


®Can be used in wells having high bottom- 
hole temperatures without affecting its 
properties. 


®Saves time, labor and money by preventing 
or regaining lost circulation. 


DOWELL INCORPORATED 
Executive Office: Midland, Michigan 
General Office: Kennedy Bldg., Tulsa, Okla. 
Subsidiary of The Dow Chemical Company 


OIL AND GAS WELL CHEMICAL SERVICE 
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HEAVY-MINERAL ZONES OF LOUISIANA 
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ABSTRACT 


The method of sample preparation and the procedure for examination of the heavy 
minerals under the petrographic microscope are briefly outlined. 

The heavy-mineral assemblages characterizing five mineral zones in the subsurface 
Cenozoic formations of the Louisiana Gulf Coast are described and the variation in 
mineral assemblage which occurs with depth is illustrated by heavy-mineral weli logs. 

Heavy-mineral assemblages from outcropping Cenozoic formations in Texas and 
Louisiana are described and graphically illustrated. 

Comparisons between the mineral assemblages in the formations at the outcrop and 
in the subsurface are made and interpreted. It is concluded that several distributive 
provinces of differing mineralogical composition contemporaneously contributed sedi- 
ments to the coastal] region. The data suggest that a substantial portion of the Cenozoic 
sediments in the subsurface of southern Louisiana was brought there not directly from 
the interior but from the east or west, or both directions, presumably by longshore 
currents. 

It is demonstrated that mineral-zone boundaries may transect formations and 
paleontologic horizons. For example, the base of the Kyanite zone is shown to trans- 
gress from Eocene strata in the interior into Miocene post-Discorbis zone sediments 
near the coast. 

INTRODUCTION 


ACKNOWLEDGMENTS 


This paper is a result of heavy-mineral studies which the Shell Oil 
Company, Incorporated (formerly Shell Petroleum Corporation) con- 
ducted for several years and which the writer pursued during 1937 and 
1938. More than 2,000 samples were utilized for this investigation. Of 
this number about 1,000 were examined by the writer, the remainder 
by earlier investigators. 

The reports of C. H. Edelman, D. J. Doeglas, C. W. Fulcher, and 
M. Bornhauser concerning heavy minerals of Gulf Coast formations 
were available to the writer in the files of the Shell Oil Company, and 

1 Read before the Society of Economic Paleontologists and Mineralogists at Chi- 
cago, April 12, 1940. Manuscript received, June 24, 1940. 

2 Shell Oil Company, Inc. 
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the conclusions reached by the writer were, without doubt, influenced 
by the views expressed in the reports of the aforementioned authors. 
However, these conclusions are founded on the writer’s analysis of the 
accumulated data, and responsibility for them rests with him. To 1. L. 
Bailey the writer is grateful for suggestions and criticisms accorded to 
him during numerous discussions of this study. The writer wishes also 
to express his appreciation to Donald Bell for the careful preparation 
of most of the samples used in this study. 


METHODS OF SAMPLE PREPARATION AND EXAMINATION 


The methods of sample preparation and mineral examination were, 
with minor variations, similar to those described by H. B. Milner.’ 
Only cores were used for this study. The sample was disintegrated in 
water. Particles smaller than very fine sand (.o5 mm.) were removed 
by allowing the agitated sediment to settle for 20 seconds, then decant- 
ing the supernatant suspension. The sample was treated successively 
with hydrochloric and nitric acid to remove carbonates and pyrite 
and to clean the minerals of iron stains. Following this treatment, the 
sediment was sieved through a }-mm. mesh screen and the coarser 
material was discarded. 

Bromoform, with a specific gravity of about 2.87, was used to 
separate the heavy from the light minerals. The heavy residue was 
mounted in Canada balsam on glass slides and examined under the 
petrographic microscope. One hundred non-opaque minerals randomly 
distributed through the heavy residue were identified and percentages 
of the various mineral species were thus counted and recorded. 


GENERAL CHARACTERISTICS OF HEAVY-MINERAL ZONES 


Several mineral zones of widespread occurrence have been recog- 
nized in the subsurface Cenozoic sedimeits of southern Louisiana. 
These zones are distinguished by qualitative differences in their 
mineral assemblages, that is, by differences of mineral species in the 
assemblages, rather than by quantitative variations in the relative 
proportions of the heavy minerals. Zones based on qualitative differ- 
ences have been found to have a much wider extent in the Gulf Coast 
sediments than those based only on quantitative variations of the rela- 
tive proportions of the minerals in the heavy residue. The latter are 
sometimes useful for local correlations. 

Each mineral zone does not necessarily mark an accumulation of 


3H. B. Milner, Sedimentary Petrography, 2nd edition (1929). 
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sediment derived from some one distributive province. Many zones 
possess a composite mineral assemblage derived from two or more 
provinces that, perhaps, were widely separated but which drained into 
the same basin of deposition and each of which was characterized by a 
distinctive mineral assemblage. It is not uncommon for a zone to pos- 
sess a mineral assemblage which is a composite of the suite character- 
izing the underlying contiguous zone and of another mineral assem- 
blage derived from a newly contributing region or from freshly un- 
covered rocks within the old province. 

The boundaries of the zones are generally not sharply defined, as 
by the abrupt occurrence in abundance of some new mineral. In the 
order of deposition in the geologic column, a new mineral ordinarily 
first appears in the sediments in traces and sporadically. Gradually it 
becomes more common and occurs continuously, and finally it may dis- 
appear in the same gradual manner as it appeared. This vertical 
sequence is more likely to occur where sedimentation has not been 
interrupted by a long erosion interval, and the vertical column of sedi- 
ments reflects the gradual uncovering and erosion of new rock types 
within the distributive province or the gradual influx, as a result of 
currents, of sediments from another drainage area which also empties 
into the depositional basin. (For a more detailed discussion of the 
principles of stratigraphic correlation by mineral criteria see Milner.*) 
As a consequence of these features of mineral occurrence in the sub- 
surface Cenozoic sediments of southern Louisiana, the position of a 
mineral-zone boundary is ordinarily not definitely marked and its 
determination is subject to the judgment of the investigator. 

Where sedimentation has been interrupted by a long period of 
erosion or non-deposition, during which new rock types may have been 
uncovered in the hinterland and new drainages developed, it is proba- 
ble that the sediments deposited after the period of non-deposition will 
be mineralogically different from those deposited prior to this period, 
and the surface of unconformity will be a well defined boundary be- 
tween mineral zones. 

Mineral-zone boundaries need not of necessity coincide with for- 
mation boundaries based on paleontology or lithology but may occur 
within formations and may transect formation boundaries and faunal 
horizons. A mineral-zone boundary may be much like a facies bound- 
ary between near-shore and deeper-water deposits accumulated under 
conditions of continuous sedimentation in a transgressing or regressing 
sea. This facies boundary will transect formations and faunal horizons. 


4 Ibid. 
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HEAVY-MINERAL ZONES FOR STRATIGRAPHIC CORRELATION 


In order to determine the reliability of heavy-mineral zones for 
stratigraphic correlation it is necessary that correlations of strata by 
heavy-mineral zones be compared with some reliable stratigraphic 
datum. Up to the present, in southern Louisiana the most reliable 
means for correlation of sediments between localities separated by dis- 
tances of more than a few miles has been afforded by paleontologic 
criteria, particularly Foraminifera. Although many species of Fora- 
minifera are known to possess a vertical range in the geologic column 
which varies from one locality to another, nevertheless, it has been 
found by careful study of the faunal variations along the dip and 
strike of the strata and by judicious choice of Foraminifera for marker 
criteria, that stratigraphic correlations of reasonable reliability can be 
made. 

Sections (Figs. 2, 3) were constructed showing correlations of 
strata in southern Louisiana by means of heavy-mineral zones as com- 
pared with paleontologic horizons. In making the mineral-zone 
correlations on the cross sections, particularly those showing inter- 
fingering and stratigraphic ascent or descent of mineral zones in the 
geologic column, the writer was measurably guided by paleontologic 
control. Without paleontologic control, more of the mineral-zone 
boundaries would have been drawn as straight lines showing little or 
no interfingering. (See base of Epidote zone, Fig. 3.) 


Fic. 1 


MINERAL ASSEMBLAGES CHARACTERIZING SUBSURFACE 
HEAVY-MINERAL ZONES 


Four major heavy-mineral zones of widespread occurrence have 
been recognized in the subsurface Cenozoic sediments of southern 
Louisiana. In ascending order these have been termed the Staurolite, 
Kyanite, Epidote, and Hornblende zones. The Hornblende zone is 
erratic in its distribution, both vertically and laterally, and perhaps 
should be classed merely as a variation of the Epidote zone. In a few 
wells that have penetrated deeply into strata of Eocene age, another 
mineral zone has been recognized, the Lower Epidote zone. 
The mineral zones down to the Lower Epidote zone show im- 
poverishment in variety of mineral species successively with depth, 
and the boundaries between these zones represent the basal ranges of 
| the diagnostic, zonal minerals. As a consequence of this mineral dis- 
tribution, drill cuttings which are commonly contaminated by cavings 
| from higher in the hole are impracticable for zone determinations and 

only cores were used in this study. 


i 
i 
i 
j 
] 
i 
“3 


RAPIDES EVANGELINE 
PARISH PARISH 
Webb humble 
Brasher Meas 
1 
Elev. 92" Elev 
B Sea Level - 
2000 
3000 
4000 
Sopo 
= 
6000 
wooo 
ROLire 
000 
On Structure 
2100 of Upift 
9000 LEGEND 
VA Hornblende Zone © Dry Hole 
— [SN] Epicote zone @ Producing Oil Well 
peed Lower Epidote Zone ®@ Producing Oil & Gas Well 
KAAN Kyanite Zone 
Staurolite Zone 
12.000 
Note: The subsurface formation boundaries HORIZONTAL SCALE 
and fossil horizons were determined 
by the Section, Expioration ° 5 10 15 
Department of Fhe Shell Oil Company, Inc. 


Fic. 2.—Cross section along line BB’, showing heavy-mineral zones from Vermilion Parish to Rapides Parish, Louisiana. 


Vertical scale in feet. Horizontal scale in miles. 
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Fic. 3.—Cross section along line CC’, showing heavy-mineral zones from Sabine to Jefferson 
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LOWER EPIDOTE ZONE ASSEMBLAGE 


The Lower Epidote zone is so termed to distinguish it from the 
Epidote zone higher in the section. Both zones carry epidote, but the 
two are separated from one another by a thick interval of non-epidote- 
bearing sediments. The Lower Epidote zone is not well known because 
of insufficient data. It is best developed in the Eocene strata pene- 
trated by Webb’s Brasher No. 1 in Rapides Parish, Louisiana (Fig. 4), 
where it is interjacent in the Kyanite zone and is characterized by a 
mineral assemblage which includes epidote, titanite, garnet, tourma- 
line, zircon, kyanite, and staurolite. The minerals characterizing the 
Lower Epidote zone differ from those of the Kyanite zone assemblage 
by the presence of both epidote and titanite. Titanite is more abun- 
dant than epidote through most of this zone and appears to be equally 
diagnostic of it. Perhaps Titanite zone would have been a more ap- 
propriate name for it. 

STAUROLITE ZONE ASSEMBLAGE 

The mineral content of the Staurolite zone is known best from wells 
south of Evangeline Parish (Figs. 9 and 11). Staurolite is its character- 
istic mineral. Zircon, tourmaline, and pink garnet are abundant, and 
rutile is generally present in small amounts. This zone is distinguished 
from the one overlying it by the absence of kyanite. It is poorest of all 
the zones in variety of mineral species. The minerals found in the 
Staurolite zone occur with additional minerals through all of the other 
zones. 

KYANITE ZONE ASSEMBLAGE 

The Kyanite zone is known from many wells (Figs. 6 and 7). Its 
heavy minerals in the subsurface sediments are like those of the 
Staurolite zone except for the addition of kyanite. In the outcropping 
formations farther toward the interior the Kyanite zone is generally 
free from garnet. 

EPIDOTE ZONE ASSEMBLAGE 

The mineral assemblage of the Epidote zone is characterized by the 
presence of epidote which serves to distinguish this zone from all of the 
underlying ones previously described except the Lower Epidote zone. 
However, there is little likelihood of confusing the two Epidote zones, 
inasmuch as they are separated vertically by a considerable thickness 
of strata free from epidote. Associated with epidote in this zone are 
zircon, pink garnet, tourmaline, staurolite, and kyanite in abundance. 
Titanite and rutile are generally present in small amounts. 


HORNBLENDE ZONE ASSEMBLAGE 
The Hornblende zone is characterized specifically by the presence 
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TABLE I 
GuIpE TO ForMATION NAMES 
Age Texas Louisiana Mississippi 
2 Beaumont Beaumont Port Hudson 
Pleistocene | 3 
| Lissie Lissie Natchez 
3 
3 | Willis & | Willis 
Pliocene 5 Citronelle 
8 Goliad © | Goliad ? 
to | Lagarto Pascagoula 
Miocene Fleming 
2 | Oakville Hattiesburg 
clay 
Catahoula *Catahoula Catahoula 
2 | Discorbis zone g Discorbis zone 
3 = Heterostegina zone 3 Heterostegina zone 
Oligocene | 3 | 
& | AH | Marginulina zone | A | Marginulina zone 
Frio Frio 
Vicksburg Vicksburg 
Jackson 
Yegua 
Crockett 
= | Stone City 
Eocene o | Sparta 
Weches 
© | Queen City 
Reklaw 
Carrizo 
Wilcox 
Midway 


* Strata classified as Miocene on the heavy-mineral well logs include the Catahoula formation. 


of hornblende (Fig. 12). In addition, epidote, garnet, tourmaline, 
staurolite, kyanite, and zircon are present in amounts ordinarily 
exceeding 5 per cent and titanite is generally present in smaller 
amounts. Diopside-augite occurs sporadically in moderate abundance. 
Small amounts of other heavy minerals occur in few samples. 


OUTCROP SECTIONS AND THEIR MINERAL ASSEMBLAGES 


Outcrop samples were collected by T. L. Bailey assisted by C. W. 
Fulcher or the writer from various localities in Texas and Louisiana 
along the belt of outcropping Cenozoic formations which roughly 
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parallels the Gulf Coast. Five sections,’ each of which crosses Cenozoic 
formations at intervals along the outcrop belt from the drainage basin 
of the Colorado River in Texas, northeastward to west-central Louisi- 
ana, were developed from these collections. 


SECTION I. FROM VICINITY OF EAST BERNARD, WHARTON COUNTY, TO 
LA GRANGE, FAYETTE COUNTY, TEXAS (FIG. 20) 

This is the most westerly section studied. It crosses formations 
ranging from the Beaumont to the Catahoula. In these formations, the 
Kyanite, Epidote, and Hornblende zones are represented. The Kya- 
nite zone occurs in the one sample representing the Willis? or Goliad? 
formation. It differs here from its subsurface counterpart by the 
absence of garnet. The epidote assemblage was found in the Catahoula 
formation and in parts of the Oakville, Lagarto, Lissie, and Beaumont 
formations interleaved with strata containing the hornblende assem- 
blage. Hornblende in exceptional abundance was found in the lower 
part of the Lagarto formation. 

SECTION II. FROM VICINITY OF BRENHAM, WASHINGTON COUNTY, TO 
VICINITY OF CARMINE, FAYETTE COUNTY, TEXAS (FIG. 21) 

This is a short section in which the Lagarto, Oakville, and Cata- 
houla formations are represented. All three formations are here 
characterized by the Epidote zone minerals. 

SECTION III. FROM HOUSTON, HARRIS COUNTY, TO II MILES NORTHWEST OF 
HUNTSVILLE, WALKER COUNTY, TEXAS (FIG. 22) 
This section is about 70 miles northeast of section II and crosses 


formations ranging in age from Beaumont to Jackson. Mineralogi- 


cally, the formations in this section differ strikingly from the corres- 
ponding formations in sections I and II. Here the kyanite assemblage 
is far more prominent than the epidote assemblage, and, as in outcrop 


5 In order to illustrate conveniently the mineral content of successively exposed 
formations, the following procedure was used. 

Sample localities were carefully marked on a small-scale map (1 inch equals 8 
miles). A section line across the strike of the formations was drawn on the map, and 
the position of each locality was projected parallel with the general strike of the forma- 
tions onto this line. The projected positions of the sample localities along this line were 
transferred to a strip log (Figs. 20-24) starting with the stratigraphically youngest 
formation at the top. Opposite the number of each sample locality was plotted its 
mineral record. On the log the vertical distance between sample records is proportionate 
to the horizontal distance between sample localities as measured along the section line 
on the map, and the horizontal distance between sample localities is roughly propor- 
tionate to the thickness of the intervening sediments. Differences in ground elevation 
of sample localities and variations in dip of the strata introduce a certain amount of 
error in the thickness of the stratigraphic interval between localities as recorded on the 
strip log, but the general sequence of the localities and their approximate position in 
the geologic column show up well. 
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section I (Fig. 20), the kyanite assemblage differs from its subsurface 
analogue by being, for the most part, devoid of garnet. Hornblende is 
absent from all of the formations. Only the kyanite and epidote 
assemblages occur, and they are interleaved. 

Except for traces, epidote is absent from the Beaumont and Lissie 
formations. It is totally absent from the Willis formation. It occurs in 
the Lagarto and uppermost Oakville strata, associated with garnet 
and here and there small amounts of titanite. From the middle and 
lower part of the Oakville formation, epidote and garnet are absent. 
Epidote in association with garnet and titanite occurs through all but 
the basal portion of the Catahoula formation, and a trace of epidote 
was found in the Jackson strata. 

Where epidote is absent the strata are characterized by the kyanite 
assemblage. This interleaving of epidote and kyanite associations is 
suggestive of interfingering between sediments derived from different 
provinces. 

SECTION IV. FROM PINELAND TO SABINETOWN, 
SABINE COUNTY, TEXAS (FIG. 23) 

This section crosses Eocene formations ranging in age from Jack- 
son to Carrizo. The formations, with exception of the upper part of the 
Yegua, are characterized by the kyanite assemblage devoid of garnet 
except for a few traces. The upper part of the Yegua contains abun- 
dant garnet and titanite with traces of epidote. This assemblage may be 
the surface expression of the Lower Epidote zone found in the sub- 
surface of Louisiana. 


SECTION V. FROM VICINITY OF ROSEPINE, VERNON PARISH, TO SANDEL, 
SABINE PARISH, LOUISIANA (FIG. 24) 

This section crosses formations ranging in age from Lissie? to 
Vicksburg. Most of the formations are characterized by the kyanite 
assemblage devoid of garnet. Epidote occurs abundantly only in the 
upper part of the Catahoula formation where it is associated with gar- 
net and titanite. It is absent, except for sporadic traces, from all of the 
other formations. This is equally true for garnet and titanite. 


SUMMARY AND INTERPRETATION OF OUTCROP SECTIONS 


Careful study of the mineral assemblages from the outcropping 
formations clearly shows interfingering and ‘pinching-out laterally of 
various of the mineral zones along the outcrop belt. 

Hornbiende zone.—The hornblende assemblage was found only 
along outcrop section I which is in the drainage basin of the Colorado 
River of Texas and is farthest west of the sections studied. Here the 
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Hornblende zone was found in parts of the Lissie, Lagarto, and Oak- 
ville formations, interleaved with the Epidote zone. Hornblende is 
absent except for a few traces from these and other Cenozoic for- 
mations examined along the outcrop belt farther north and east. The 
most likely source of the hornblende in the formations along section I 
is the Llano-Burnet uplift of central Texas where metamorphic and 
igneous rocks are exposed. This region is drained today by the Colo- 
rado River and probably was drained by the ancestral Colorado as 
early as Oakville time. The Cenozoic formations along the outcrop 
belt farther to the north and east, in which only a few traces of horn- 
blende occur, were probably derived from old sedimentary rocks defi- 
cient in hornblende. 

Epidote zone and its eastward gradation into Kyanite zone——The 
Epidote zone is well represented in the outcrops studied. Along section 
I in the Colorado River basin, the epidote assemblage was found in the 
Beaumont, Lissie, Lagarto, Oakville, and Catahoula formations. Pass- 
ing northeastward to section II, it occurs in Lagarto, Oakville, and 
Catahoula rocks. Continuing eastward to section III, a definite change 
in mineral assemblage of the outcropping formations is observable. 
The kyanite assemblage has become dominant and is interleaved with 
the Epidote zone. The epidote assemblage is absent from the Beau- 
mont formation, present only in traces through the Lissie, occurs in 
the Lagarto, and is absent from most of the Oakville. It occurs through 
the Catahoula formation almost down to its contact with the under- 
lying Jackson. The data suggest that a new depositional province 
distinguished by the presence of the kyanite assemblage has been 
entered. Continuing northeastward to section V in Sabine Parish, 
Louisiana, the epidote assemblage is observed to be confined to a thin 
zone in the Catahoula-Frio formation just below its probable contact 
with overlying Oakville. The Oakville, Lagarto, and Lissie formations 
above this are devoid of epidote and carry a kyanite assemblage. Be- 
low this the Catahoula-Frio and Vicksburg formations are free of epi- 
dote and carry the kyanite assemblage. 

From the outcrop data it appears that the Epidote zone fingers out 
from the Colorado River drainage basin toward the northeast, and 
that the epidote and kyanite assemblages are each characteristic of a 
different distributive province. 


CORRELATION OF SUBSURFACE MINERAL ZONES WITH 
FORMATIONS EXPOSED AT SURFACE AND 
INTERPRETATION 

Core samples from many wells in southern Louisiana were exam- 
ined and sections were constructed showing the mineral zones in the 
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subsurface. These zones, in ascending order, are Lower Epidote zone, 
Staurolite zone, Kyanite zone, Epidote zone, and Hornblende zone. 


LOWER EPIDOTE ZONE 


The Lower Epidote zone is not well known. It occurs in rocks of 
Eocene age and was encountered in the subsurface in only two wells: 
Webb’s Brasher No. 1 in Rapides Parish (Fig. 4) and Barnett’s Tullis 
No. 1 in East Feliciana Parish, Louisiana (Fig. 19), along the north- 
ern edge of the region studied. The dip of the formations is south- 
ward, and the more southerly located wells did not penetrate to 
sufficient depth to encounter this zone. 

The Lower Epidote zone is best defined in the Brasher No. 1 well 
where it is marked by a mineral assemblage which is essentially that of 
the Kyanite zone with an admixture of titanite and epidote. In this 
well, the Lower Epidote zone ranges from middle Crockett up through 
the Yegua and into basal Jackson and is divided into two members 
which occur as intercalations in the Kyanite zone. 

In Barnett’s Tullis No. 1, which penetrated less than 200 feet into 
the Yegua, the Lower Epidote zone is poorly marked and occurs in 
Yegua and Jackson strata. Here also the Lower Epidote zone is di- 
vided into two parts by a member of the Kyanite zone. 

At the surface the probable extension of the subsurface Lower 
Epidote zone is represented in Sabine County, Texas, along outcrop 
section IV (Fig. 23), the only section among those studied which cross- 
es Eocene formations older than the Jackson. Here in the upper 
Yegua there occurs a mineral assemblage rich in titanite and garnet 
and containing traces of epidote. This assemblage occurs as an inter- 
calation in the Kyanite zone from which it differs distinctly by the 
presence of abundant titanite and garnet. As already described, the 
Lower Epidote zone in the subsurface is characterized by titanite even 
more dominantly than by epidote. Consequently, it is inferred from 
mineral composition and stratigraphic position, that the titanite-rich 
mineral assemblage in the Yegua outcrop of Sabine County marks the 
Lower Epidote zone. 

It is clear from the fact that the Lower Epidote zone is divided into 
members by sediments containing a Kyanite assemblage, that it is 
either interbedded or interfingered with the Kyanite zone. This re- 
lationship suggests either that epidote and kyanite were each contribu- 
ted to the basin of deposition from different distributive provinces or 
that the epidote was contributed by rocks newly exposed over a small 
area within the larger province furnishing the kyanite assemblage. The 
first hypothesis is somewhat more strongly supported by the addi- 
tional fact that some strata within the Lower Epidote zone are free 
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from kyanite and therefore may have been derived from a province 
from which kyanite was absent. 


STAUROLITE ZONE 


The Staurolite zone is known exclusively from subsurface well 
data. In the subsurface sediments of the coastal parishes the stauro- 
lite assemblage occurs in sediments younger than Discorbis zone age. 
Passing from the coast inland and up the dip of the formations, the 
strongly interfingered boundary between the Staurolite and overlying 
Kyanite zones crosses the Discorbis zone into older formations, and in 
Rapides and West Feliciana parishes the top of the Staurolite zone is 
below the top of the Eocene Jackson formation (Fig. 2). 

At the outcrop localities from which samples were collected in 
Texas and Louisiana, the kyanite assemblage occurs in strata of the 
same age as those which carry the staurolite assemblage in the sub- 
surface of the coastal parishes of Louisiana. The presence of two 
mineral assemblages grading laterally one into the other in strata of 
equivalent age may be explained by the hypothesis that each was 
derived from a separate distributive province both of which drained 
into the same basin of deposition. One possible source of the Tertiary 
staurolite assemblage is the Cretaceous Woodbine formation of north- 
east Texas, parts of which contain abundant staurolite but little or no 
kyanite. 

A second hypothesis is that currents exercised a panning or sepa- 
rating effect between kyanite and staurolite, dropping the former close 
to shore and carrying the latter farther out. This hypothesis is rather 
difficult to accept for it is contrary to what would be expected nor- 
mally from the relative densities of the two minerals. The average 
density of kyanite is less than that of staurolite and it is to be expected 
that staurolite, the heavier of the two minerals, would be deposited 
closer to shore. The grain size of the two minerals in the sediments is 
about the same. In shape the kyanite is bladed, the staurolite equi- 
dimensional. 

KYANITE ZONE 

The main body of the Kyanite zone overlies the Staurolite zone, 
and its basal part is strongly interfingered with the upper part of the 
Staurolite zone. In cross section along the dip of the formations the 
Kyanite zone is shaped, roughly, like a wedge with the thin edge point- 
ing coastward. This wedge thickens up the dip toward the north where 
it embraces a larger part of the Tertiary section by reason of its base 
having transgressed into older formations in passing from the coast in- 
land (Figs. 2, 3). In the coastal parishes the thin edge of the Kyanite 
zone wedge occurs in sediments younger than Discorbis zone age. At 
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the surface in Vernon and Sabine parishes, Louisiana, the part of the 
Kyanite zone stratigraphically below the Epidote zone embraces for- 
mations ranging from near the top of the Catahoula-Frio, down well 
into the Eocene. 

Along the outcrop belt the kyanite assemblage is prominent in 
many Tertiary formations exposed northeast from Montgomery 
County, Texas, to west-central Louisiana. However, the assemblage at 
the surface differs mineralogically from its counterpart in the subsur- 
face in one respect. Garnet is rare or absent from the kyanite assem- 
blage of the rocks exposed at the surface but is present in moderate 
abundance in nearly all samples from the Kyanite zone of the subsur- 
face. 

From the combined surface and subsurface data it appears that the 
garnet-free kyanite assemblage, composed essentially of kyanite, 
staurolite, tourmaline, and zircon, was borne into southern Louisiana 
from the north and northeast. In the more southerly, subsurface sedi- 
ments which were probably deposited below strand line, the kyanite 
assemblage is enriched by abundant garnet that was carried, proba- 
bly from the east or west by longshore currents. The transgression by 
the base of the Kyanite zone from Eocene formations in the interior to 
Miocene formations in the coastal parishes suggests that sediments 
bearing the kyanite assemblage were laid down in southern Louisiana 
as near-shore or deltaic deposits which, with the passage of time, were 
intermittently but progressively extended basinward or southward, 
while, contemporaneously in the deeper part of the basin, sediments 
derived from another distributive province and marked by the stauro- 
lite assemblage were being deposited. 


EPIDOTE ZONE 


The Epidote zone has been penetrated by many wells in southern 
Louisiana. In the subsurface sediments it lies directly above the 
Kyanite zone from which it differs mineralogically by the addition of 
epidote. The base of the Epidote zone is not sharply defined. In pass- 
ing upward from the Kyanite zone to the Epidote zone there are 
several hundred feet of sediments in which only sporadic traces of 
epidote occur; gradually epidote becomes more abundant and continu- 
ous in occurrence. In consequence of these features, the determination 
of the base of the Epidote zone is likely to vary within a few hundred 
feet, according to the judgment of the investigator. 

The base of the Epidote zone has been traced in the subsurface sedi- 
ments up the dip from the coastal parishes as far north as Beauregard, 
Evangeline, and East Baton Rouge parishes. It lies above the Discor- 
bis zone as far up the dip as the latter extends. The base of the Epidote 
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zone is not parallel with the top of the Discorbis zone but diverges 
from it down the dip as the sedimentary interval between the two 
thickens. No fossil horizons reliable for correlation of strata above the 
Discorbis zone and near the stratigraphic position of the base of the 
Epidote zone have yet been established except in the parishes border- 
ing the coast. Consequently, it is not possible to determine to what 
degree the base of the Epidote zone transgresses paleontologic horizons 
in the region north of the coastal parishes. In Vermilion Parish a fau- 
nal horizon above the Discorbis zone, which is shown on Figure 2 as 
the Bigenerina sp. horizon, is considered® to be reliable for strati- 
graphic correlation. The position of the base of the epidote-bearing 
strata relative to the Bigenerina sp. horizon in two wells of Vermilion 
Parish suggests that the base of the Epidote zone transgresses toward 
the coast into older strata. In the Continental’s Hebert No. 1, Ver- 
milion Parish, the base of the lowest body of epidote-bearing sediments 
is about 400 feet below the Bigenerina sp. horizon. About 16 miles 
southward in the Stanolind’s Stovall No. 1, the epidote zone is absent 
but epidote-bearing sediments as represented in the Hornblende zone 
occur 1,800 feet below the Bigenerina sp. horizon. 

Recent study has shown that in the parishes bordering the coast 
where faunal horizons above the Discorbis zone have been established, 
the base of the Epidote zone transgresses westward into older sedi- 
ments. The transgression by the base of the Epidote zone coastward 
and westward into older sediments suggests that, at least in part, the 
epidote-bearing sediments, particularly in the coastal region of 
southern Louisiana, were transported from the west presumably by 
longshore currents. 

The epidote assemblage is well represented at the surface outcrops. 
It has been observed in samples collected along outcrop sections I, II, 
III, and V. From the outcrop data it appears that the Epidote zone 
fingers out from the Colorado River drainage basin of Texas in the 
direction of Sabine Parish, Louisiana, and that the Epidote and Kya- 
nite assemblages are each characteristic of a different distributive 
province. This fingering out toward the northeast of the Epidote zone 
in the outcropping formations supports the concept arrived at inde- 
pendently from subsurface studies, that the epidote-bearing sediments, 
particularly in the downdip region of southern Louisiana, were not all 
transported from the north, but may, in part, have come from the 
west or southwest. 

Profiles of the Epidote zone (Figs. 2 and 3) show that in the sub- 
surface sediments of southern Louisiana it is more than 1,000 feet 
thick. At the outcrop in Sabine Parish, Louisiana, the Epidote zone 


‘According to J. F. West, paleontologist, Shell Oil Company, Incorporated. 
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occupies a very thin stratigraphic interval. In Figure 3 the subsurface 
and surface data have been combined showing the Epidote zone 
wedging out up the dip. This apparent thinning toward the outcrop is 
explicable either as the consequence of an angular unconformity which 
truncates the Epidote zone or as a depositional feature. 

As a depositional feature the wedge-shaped Epidote zone may be 
the consequence of normal basinward thickening of sedimentary 
deposits. The thickened, downdip, epidote-bearing, marine sediments 
could have been transported entirely from the north or in part from 
the east or west by longshore currents. However, the data with regard 
to the transgression of older sediments coastward and westward by the 
base of the Epidote zone suggest that a substantial part of the epidote- 
bearing sediments in the downdip region was transported from the 


west. 
HORNBLENDE ZONE 


The Hornblende zone of the subsurface sediments is known largely 
from wells in the coastal parishes of Louisiana. It is the youngest of 
the mineral zones described. Owing to the practice of not coring 
through the shallower strata, samples from the Hornblende zone were 
not available except from a few wells. Consequently, the regional re- 
lations of this zone to the underlying Epidote zone are not perfectly 
clear. 
The base of the Hornblende zone is not an easily determined 
boundary. Strata characterized by the hornblende assemblage com- 
monly occur intercalated between strata containing the epidote 
assemblage. (See the Shell’s Realty Operators No. 1 and No. 1-B, 
Terrebonne Parish, Figs. 17, 18; the Continental’s Hebert No. 1, Ver- 
milion Parish, Fig. 11.) The writer has interpreted these intercalations 
as fingers extending laterally from the main body of the Hornblende 
zone. In the dip section (Fig. 2) the main body of the Hornblende zone 
is shown fingering out up the dip. The evidence for this is not indis- 
putable but is suggestive of such an interpretation. In the Shell’s 
Hebert No. 1 and the Stanolind’s Stovall No. 1 of Vermilion Parish, 
abundant hornblende is present down to the very base of the Epidote 
zone. In these wells the Epidote zone, proper, is absent, and the 
Hornblende zone appears to contain a composite of the Epidote zone 
minerals and the Hornblende zone minerals. Farther up the dip in 
the Continental’s Hebert No. 1, hornblende is comparatively rare, 
and only two stringers carrying hornblende occur in the lower 2,000 
feet of the Epidote zone. In the Humble’s Clayton No. 1, Jefferson 
Davis Parish, the lower 2,000 feet of the Epidote zone are free from 
hornblende, except for a few traces. Farther up the dip in the Gulf’s 
Godet No. 2, St. Landry Parish, a stringer of hornblende occurs about 
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600 feet above the base of the Epidote zone, but the presence of 
this stringer so close to the base of the Epidote zone is probably the 
result of thinning of the latter over the prominent Port Barre dome. In 
the Humble’s Haas No. 1 no hornblende occurs in the lower 1,800 feet 
of the Epidote zone. . 

In the outcropping formations examined, abundant hornblende 
was found only along outcrop section I which is in the drainage basin of 
the Colorado River of Texas. Here hornblende was found in parts of 
the Oakville, Lagarto, Lissie, and Beaumont formations. Hornblende 
was absent except for a few traces from these and other Cenozoic for- 
mations examined along the outcrop sections toward the north and 
east. The most likely source of the hornblende in the formations along 
section I is the Central Mineral region (Llano-Burnet uplift of central 
Texas) in which metamorphic and igneous rocks are exposed, and 
which is drained by the Colorado River. The Cenozoic formations 
along the outcrop sections farther north and east were probably de- 
rived from old sedimentary rocks deficient in hornblende. 

The source of the hornblende in the subsurface formations of 
southern Louisiana is not definitely known. The outcrop data indicate 
that the Central Mineral region of Texas may have been a contribut- 
ing source. Hornblende-bearing sediments derived from the Central 
Mineral region and deposited below the strand line along the Texas 
coast could have been transported eastward by longshore currents to 
the offshore, coastal region of Louisiana. However, the areal distribu- 
tion of the outcropping formations studied is far too limited to permit 
a definite determination of the source of the hornblende in the Louisi- 
ana subsurface formations. 

The outcrop sections studied and described are confined largely to 
Texas—only one from Louisiana having been here described. These 
sections across the outcrops of the Cenozoic strata occur at intervals 
along a line which roughly parallels the coast line and extends from the 
drainage basin of the Colorado River of Texas northeastward to the 
western region of Louisiana. ‘The most easterly outcrop section de- 
scribed passes through Vernon and Sabine parishes of west-central 
Louisiana. In addition to the sections described, some samples were 
collected by T. L. Bailey, assisted by the writer, from outcrops of the 
Catahoula-Frio, Oakville, and Lagarto formations farther east in 
Grant and Rapides parishes of Louisiana, but no hornblende was 
encountered. Therefore, along this arcuate zone of outcropping Ceno- 
zoic formations extending from the Colorado River in Texas to central 
Louisiana, sediments containing abundant hornblende were found only 
in the drainage basin of the Colorado River. 
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George and Bay’ studied the minerals from shallow core samples of 
the Catahoula formation in Covington County of south-central 
Mississippi and reported no hornblende in the heavy-mineral as- 
semblages. They did not describe the minerals of the overlying Hat- 
tiesburg clay and Citronelle formation. In order to understand better 
the distribution of hornblende in the subsurface of southern Louisiana 
it will be necessary to complete the heavy-mineral study of post-Oligo- 
cene outcropping formations by extending the examination of outcrop 
sections through southeastern Louisiana and southern Mississippi. 

From the evidence available at present, it is not possible to tell 


definitely what rdle the ancestral Mississippi River played in bringing 


hornblende-bearing sediments into southern Louisiana. It is known, 
however, from the work of Russell,*® that the heavy-mineral assemblage 
carried by the present Mississippi River closely resémbles that of the 
Hornblende zone observed in the subsurface. The time when the 
ancestral Mississippi first began to contribute hornblende to the Gulf 
Coast sediments has not yet been determined. Perhaps this can be 
established after the outcrops in southeastern Louisiana and southern 
Mississippi have been studied. 

Recently the writer examined samples of sediment taken from the 
bottom of the Gulf of Mexico near the mouth of the Rio Grande. It is 
highly probable that the present bottom sediments of this region were 
carried into the Gulf of Mexico by the Rio Grande. These samples 
carry a mineral assemblage much like that of the Hornblende zone in 
the Louisiana subsurface. 

The profile of the Hornblende zone fingering out up the dip from 
Vermilion Parish to St. Landry Parish and the distribution of horn- 
blende in the outcropping formations—although knowledge of the 
latter is admittedly incomplete—suggest that the hornblende assem- 
blage, unlike the kyanite assemblage, was not carried into southern 
Louisiana over a broad front from the north, but rather was swept 
along comparatively narrow channels into the Gulf, possibly by any or 
all of the following rivers, the ancestral Rio Grande, Colorado, and 
Mississippi, and was distributed laterally from the vicinity of the 
rivers’ mouths by marine currents. If hornblende was contributed to 
southern Louisiana sediments from at least two of the sources sug- 
gested then it is likely that the base of the subsurface Hornblende zone 
is of variable age, unless hornblende-bearing rocks in the drainage ba- 
sins of each river were uncovered contemporaneously. __ 


7 William O. George and Harry X. Bay, ‘Subsurface Data on Covington County, 
Mississippi,” Bull. Amer. Assoc. Petrol. Geol., Vol. 19, No. 8 (August, 1935), pp. 1148-61. 

8 R. D. Russell, “Mineral Composition of Mississippi River Sands,’’ Bull. Geol. Soc. 
America, Vol. 48, No. 9 (September, 1937), pp. 1307-48. 
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LOS BAJOS FAULT OF SOUTH TRINIDAD, B.W.I.! 


C. C. WILSON? 
Palo Seco, Trinidad, B.W.I. 


ABSTRACT 


The Los Bajos fault, of late Miocene or Pliocene age, cuts across the southwestern 
peninsula of Trinidad with a strike of about N. 70° W. from Point Ligoure on the 
western coast to the vicinity of Negra Point on the southern coast. In its western part 
the apparent downthrow is more than 10,000 feet toward the south and in its eastern 
part there is an apparent downthrow of 7,000 feet toward the north. The writer be- 
lieves this fault to be essentially a strike-slip fault with the northern side moving east- 
ward relative to the southern side and the apparent throw at the fault line resulting 
from the discordant juxtaposition along the fault of folded structures developed previ- 
ous to and during the fault movement. In the western part of its course the differential 
horizontal movement amounts to as much as 7 miles. The fault has played a major réle 
in influencing the migration and accumulation of oil and its course intersects several 
major oil fields. The origin of this fault is explained by the writer as due either to 
(1) “gravity collapse” of incompetent sedimentary filling of the Orinoco basin, or (2) 
crustal adjustment related to drift movement of the American continents. 


INTRODUCTION 


A brief glance at the geological map of Trinidad (Fig. 1) will reveal 
the geographical position of the Los Bajos fault. It traverses the south- 
western peninsula of the island, from the north side of Point Ligoure 
on the west coast to a point about one mile west of Negra Point at 
almost the middle point on the south coast, and maintains an approx- 
imately straight course on an azimuth of 112° from true north. The 
lateral extent of the fault offshore from the island is completely un- 
known. Northwestward, the only land which occurs on this azimuth is 
the narrow northern range at Carupano in Venezuela. Southeastward, 
the direction of the fault extends out into the Atlantic along a line 
parallel with the northeastern edge of the Guayanas. 

Its course, within the island of Trinidad, intersects various oil- 
field areas, including (starting from the west coast) the Point Fortin 
fields (West, Central, and East), the Los Bajos field, and the Coora- 
Morne Diablo field. 

The Los Bajos fault does not appear on Waring’s® map, neither 
does it appear on any of the previously published geological maps. 
However, in the last decade a steady advance has been made in knowl- 
edge of the oil-field geology of Trinidad and, in addition to the sur- 
face mapping, drilling in the neighborhood of the Los Bajos fault, 
assisted by up-to-date logging of wells and their interpretation, has 

1 Read before the Trinidad Geological Conference, Port-of-Spain, April, 1939. 


Manuscript received, June 28, 1940. Published by permission of the Trinidad Petroleum 
Development Company, Ltd. 

2 Resident geologist, Trinidad Petroleum Development Company, Ltd. 

3 Gerald A. Waring, ‘“The Geology of the Island of Trinidad,” The Johns Hopkins 
Univ. Studies in Geology No. 7 (1926). 
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now shown not only that the fault exists but that the fault occupies 
a position of very great importance by reason of its relation to oil mi- 
gration and accumulation. 


TABLE I* 


STRATIGRAPHIC COLUMN OF YOUNG TERTIARY DeEposITs IN MAIN Ort FIELDs, 
SOUTHWEST TRINIDAD 


(Compiled by K. Schmidt)t 


Upper Morne 1’Enfer 


| Series Formation Suite 

! Pliocene La Brea La Brea sands, silts, clays, 
i and porcellanite 


sands, silts, and clays peey 
Upper i 
Morne Lot 7 silt (marker at base) vaaanee 


l’Enfer 


Lower Lower Morne PEnfer 
sands, silts, and clavs 

Forest silts 


4 Upper 
Upper Forest clav 


Miocene Forest 
| Forest sands 
Lower Highly 
Lower Forest clay or in- {lenticular 
termediate clay (marker || deposits 
at base) 
Upper, middle, and lower 
Cruse Cruse sands, silts, and 
clays 
Clays, including Sphaeroi- 
Palo Seco dinella clay and Herrera 
conglomerate 
Alley Creek— 
é Oligocene Princes Town 
marls 


* Presented at the Trinidad Geological Conference, Port-of-Spain, April, 1930. 
t K. Schmidt, palaeontologist, Trinidad Leaseholds, Ltd., Pointe-a-Pierre, Trinidad, B.W.I. 


STRUCTURES IN CONTACT ON SIDES OF FAULT 


In its western section, the Los Bajos fault separates the deepest 
part of the Erin basin from the highest part of the Point Fortin struc- 
ture. The Point Fortin structure may be regarded mainly as a north- 
dipping flank extending parallel with the Los Bajos fault east-south- 
east for about 5 miles, as far as the point of contact between the fault 
and the axis of Fyzabad anticline which strikes at N. 65—70° E. 

At Point Ligoure, the apparent vertical displacement of the fault 
amounts to 10,000 feet with an apparent downthrow toward the south. 
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Fic. 1.—Geological sketch map of main oil-field region of Trinidad showing Los Bajos fault. 
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Fic. 2.—Vertical sections across Los Bajos fault. Legend as in Figure 1. 
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Eastward, this throw diminishes only slightly toward the eastern end 
of the Point Fortin structure (Section 1, Fig. 2) but, beyond the con- 
tact with the axis of the Fyzabad anticline, the throw of the Los Bajos 
fault vanishes in a distance of only one mile. Continuing eastward, the 
displacement reappears and with similar rapidity develops an appar- 
ently vertical throw of 4,000 feet at Los Bajos, here the downthrow 
being toward the north and not, as at Point Ligoure, toward the south. 

A complete reversal of the conditions described west of Los Bajos 
occurs in the area between the oil fields of Los Bajos and Coora-Morne 
Diablo. Here, the axis of the Siparia syncline is brought into contact 
from the north at the fault with the Los Bajos structure. The Los 
Bajos structure, like that of Point Fortin, is a monocline parallel with 
the Los Bajos fault between Los Bajos and Coora (as a horst in its 
highest portions) and generally dipping away from the fault. A gently 
folded nose, however, plunges westward from the Los Bajos structure 
where it leaves the fault and enters the Erin basin. 

Within the Coora-Morne Diablo region, the Los Bajos structure 
diminishes as the fault intersects, diagonally, the north flank of the 
Southern Range anticline. Within the shattered crestal zone, evidence 
of major faulting becomes extremely indefinite beyond the fact that 
the axis of the main structure veers from the characteristic strike of 
N. 65-70° E. to approximately E.-W. in that region, shows an.east- 
ward displacement, and finally returns to the N. 65-70° E. strike in 
the direction of the Rock Dome area on the east. 


AGE OF FAULT 


The unconformable base of the Porcellanite beds (correlated as 
uppermost Miocene or early Pliocene) is displaced vertically by at 
least 1,000 feet in western Los Bajos. It has been considered that the 
upper Porcellanite beds were proportionately less affected by the 
fault than were the lower Porcellanites and the lower Porcellanites 
were in turn less affected than older beds. It appears from this that 
faulting actually began at the commencement of the orogenic move- 
ment. 

The apparent vertical movement of the unconformity is less than 
that of the Lot 7 silt, but beds below the Lot 7 silt all show the maxi- 
mum vertical displacement. Therefore, the writer is inclined to the 
view that the fault movement was initiated at a time not earlier than 
upper Miocene. 

It is clear, as shown in Section 2 (Fig. 2) of the south flank of the 
Fyzabad anticline, that the late Miocene-Pliocene folding movement 
began soon after the deposition of the Lot 7 silt. This is admirably 
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demonstrated by the downdip thickening of all beds above the Lot 7 
silt. The extent of folding shown in this section as measured by the 
gradual angularity between the Lot 7 silt and the Porcellanite beds 
amounts to 20°. Folding continued after the deposition of the Porcel- 
lanite beds as may be seen in the Puerto Grande-Buenos Aires region 
where dips up to 30° occur in the Porcellanite quarries themselves. 

Correlation of the base of the Porcellanite beds on the two sides of 
the Los Bajos fault has not yet been definitely established, plant 
remains being the only fossils found so far in these beds. Fossil evidence, 
also, in the Morne |’Enfer beds, is likewise only represented by plant 
remains and no differentiation can be drawn between these beds. It 
is, therefore, possible that the unconformity mapped on the surface 
to the west of Los Bajos and south of the fault may have developed 
appreciably later than the assumed base of the .Porcellanite beds 
found on the south flank of the Fyzabad anticline (Section 3, Fig. 2). 

One must, therefore, allow for the possibility that the Los Bajos 
fault took place in Pliocene or later time and was entirely subsequent 
to the folding movement of upper Miocene-Pliocene age. 


THEORIES RELATING TO MECHANICS OF Los Bajos FAULT 


Figure 3 is a diagram drawn to scale to show the relative positions 
of the base of the Forest clay on the two sides of the fault. The Forest 
clay is the highest pure clay member of the Forest-Cruse sequence of 
alternating estuarine and shallow-water marine sands, silts, and clays, 
generally named the Cyclammina clays, which contain a strongly 
arenaceous foraminiferal fauna. On the section an attempt has been 
made to represent, by unbroken lines, the structural position of the 
Forest clay as it would have existed had the fault structures of Point 
Fortin and Los Bajos not been developed. This addition is made on the 
assumption that these two structures were developed not as part of the 
upper Miocene-Pliocene folding movement but merely due to com- 
pression between the two sides of the fault during its movement, and 
the writer has tried to represent the two sides of the fault before fault- 
ing took place. 


THEORY OF VERTICAL DISPLACEMENT 


Most of the previous observers have maintained that the fault, 
even with this great variety of throw and complete dissimilarity of 
sediments between the two sides, has taken place in a vertical or 
rotational sense only, and have considered that the fault is a steep 
reversed fault, slightly overthrust from the north at Point Fortin and 
slightly underthrust toward the south at Los Bajos and Coora. 
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This explanation involves an exceptional type of scissor- or hinge- 
fault mechanism, with a pivot at the point of zero displacement 
between Point Fortin east and Los Bajos. One would expect, there- 
fore, to find at this pivot some cause for rigidity which might be due to 
the existence of a topographic “high” in the surface of the basement 
rocks in this vicinity. No evidence of such a “high” has yet been found. 
Drilling is now being carried out near this pivot and no evidence of 
strong unconformity has yet been recorded. It is very exceptional, too, 
that with such diversity of throw the fault maintains such a straight 
path at outcrop. 

The strike of folding and fracture related to the Los Bajos fault is 
distinct from the N. 65-70° E. strike of folding found elsewhere to be 
characteristic in the southern and central parts of the island. Further, 
the Los Bajos fault system completely terminates any structural 
features which approach the fault from either side. The main Fyzabad 
anticline, as mentioned previously, is cut off abruptly at the fault and 
no continuation southwestward can be identified whatsoever. There is 
no downthrown flank south of the Point Fortin structure; neither is 
there any downthrown flank north of Los Bajos. 


THEORY OF HORIZONTAL-SHIFT FAULTING 


Lack of structural relationship between the two sides of the fault 
means either that the fault occurred previous to the development of 
the Fyzabad structure, which seems unlikely (because the unconfor- 
mity at the base of the Porcellanites shows only a low angularity and 
because Porcellanite beds, which themselves were faulted, were de- 
posited after the main folding had taken place), or, alternatively, that 
the fault is a horizontal-shift fault, having been the result mainly of 
horizontal displacement after the folding movement had occurred, and 
was not the result of the exceptional hinge movement previously sug- 
gested. Now, if the region north of the fault has so moved, horizontally 
from west to east, in relation to the region south of the fault, then one 
should find southern counterparts of the various displaced structures 
of the region north of the fault. These are indicated as follows. 

1. The two main basins in southern Trinidad are the Erin basin 
and the Siparia basin, and they are separated by the Los Bajos fault. 
These two basins were, in the writer’s opinion, developed as one con- 
tinuous unit and received sediments from the same source, but now 
their deepest regions in contact with the fault are separated, that of 
the Siparia basin being considerably to the east of the deepest part of 
the Erin basin. 


2. Each of these basins is bounded on the south by similar seg- 


ments of the Southern Range uplift. 
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3. The Siparia basin is bounded on the north by the Fyzabad anti- 
cline. The counterpart of the Fyzabad anticline may be the Point 
Ligoure structure which is represented within the island by only a 
small triangular patch of land south of the fault at Point Ligoure and 
carries well defined dips toward the southeast. The writer considers 
that this direction of dip is important, because, being oblique to the 
fault, it suggests that these dips are not entirely due to fault drag and, 
further, because they are parallel with those dips of the south flank of 
the Fyzabad anticline. In other words, the Point Ligoure flank may 
actually be the south flank of a major structure which was cut by the 
fault and the northeastern extension was moved eastward by the fault 
movement to become the Fyzabad anticline. 

4. The two structures parallel with the fault, namely, the Point 
Fortin structure and the Los Bajos structure, may have been de- 
veloped entirely by a component normal to the fault, of the stresses in 
operation, which are supposed to have developed at right angles to the 
strike of the Northern Range. These structures, therefore, were 
formed during the faulting movement and may have resulted from 
variations from the straight in the original direction of the fracture 
plane. 

VISIBLE EVIDENCE OF LATERAL MOVEMENT 


F. W. Rohwert brought to the writer’s notice the fact that nearly 
horizontal slickensiding was visible at Point Ligoure. 

The writer wishes to express his thanks to A. G. Hutchison' for a 
core sample (Fig. 4) from a well drilled during December, 19309, 
through the Los Bajos fault at a point near the junction between the 
Point Fortin structure and the Fyzabad structure. Horizontal slicken- 
siding is very clearly demonstrated in this sample, and it is understood 
that evidence of similar movement was repeatedly shown through 
1,500 feet of beds where the Los Bajos fault zone, hading north, was 
penetrated by the well at a high angle. 

A. J. Goodman* informs the writer that at La Lune Point (slightly 
east of Negra Point on the south coast) there is a fault revealed in the 
beach section with the ends of the beds on either side dragged parallel 
with the fault and facing opposite directions. It has all the appearances 
of strike slip but is presumably on a smaller scale than the Los Bajos 
dislocation. 

2. North of the Los Bajos fault, upper Morne |’Enfer beds consist 
mainly of sands with fresh and brackish water. South of the fault, a 


4 Chief geologist, Antilles Petroleum Company (Trinidad), Limited. 
5 Chief geologist, United British Oilfields of Trinidad, Ltd., Point Fortin, Trinidad. 
6 Chief geologist, Cory Brothers, Ltd. 
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fresh-water sand development has only been observed in the western 
part of the Palo Seco oil field where it exactly resembles contemporane- 
ous sediments at Coora. Eastward, in the southern fault block, these 
fresh-water sands gradually change to clays. It has been suggested 
that a bar, formed during the deposition of these beds, may have sepa- 
rated, along the fault, sand deposition from clay deposition. It is 


Fic. 4.—Horizontal slickensiding (at right angles to long axis of core) in core 
from well drilled through Los Bajos fault. Natural size. 


considered that such a persistent bar, continually developing during 
the deposition of at least 2,500 feet of sediments along a line coincident 
with the Los Bajos fault at Los Bajos, would be exceptional. It seems 
preferable to think that the change from sand to clay, developing 
from west to east in the Palo Seco field, was moved eastward, north of 
the fault, to somewhere in Morne Diablo by horizontal-shift faulting 


(Fig. 3). 
3. A much closer resemblance occurs between sedimentation at 
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Coora and western Palo Seco than between either of these localities 
and Fyzabad. 

4. The abrupt differences in thickness and sand content of beds 
now in contact at the Los Bajos fault (see the various sections, espe- 
cially Sections 2 and 3, Fig. 2) accompanied by a steady increase in 
thickness southward, both between the Lot 7 silt and the top of the 
Cruse and between the top of the Cruse and the base of the Miocene, 
offer very strong evidence that lateral rather than vertical movement 
has taken place to form the Los Bajos fault. 


SANTA FLORA TENSION FAULT 


In the area immediately east of the Palo Seco field, an area known 
as the Santa Flora region, a large fault block occurs downthrown about 
1,000 feet in relation to the Palo Seco north flank and to the south 
flank of the Los Bajos structure on the north. 

This fault, separating Palo Seco from Santa Flora (now named the 
Santa Flora fault) appears to be a normal fault which hades eastward 
at an angle of nearly 60° from the vertical (it dips east at only 30°). 

The crestal zone of the Palo Seco structure (Southern Range 
anticline) was apparently not displaced laterally by the Santa Flora 
fault. 

A fault of this nature can only have been formed under lateral 
east-west tension and this evidence is advanced for horizontal move- 
ment along the Los Bajos fault as opposed to vertical movement. 

Thus, a bulge northward must have occurred on the line of weak- 
ness along which the Los Bajos fault developed. This bulge occurred 
on the northern edge of the Santa Flora fault block. 

It is along this edge that the Los Bajos structure attains its great- 
est disturbance. In addition, beds north of the fault along this edge 
show steep folding which does not occur west of the contact between 
the Santa Flora fault and the Los Bajos fault. 

The writer suggests that this bulge formed a zone of resistance to 
the horizontal movement of the Los Bajos fault and was subsequently 
smoothed out laterally by folding on both sides of the fault causing 
drag which, in the Santa Flora area, resulted in tensile stresses acting 
in an easterly direction and which finally obtained release by move- 
ment down t. the east on the plane of the Santa Flora fault. 

In the wri*er’s opinion, it is easier to conceive such a cause for the 
existing structural features than to interpret these features by vertical 
displacement of the Los Bajos fault with underthrusting of the Los 
Bajos structure by the Siparia syncline. 

Underthrusting of the Los Bajos structure (which, incidentally, 
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here shows horsting parallel with the Los Bajos fault) would surely 
tend to raise rather than to depress the Santa Flora area in relation 
to the Palo Seco sector. 

Although the axis of the Southern Range anticline (northeast of 
the fault) has not been displaced so far laterally from its southwest 
counterpart as has the Siparia syncline from the Erin syncline, a suffi- 
cient similarity occurs between the two sides of the fault to make the 
horizontal-shift fault theory more acceptable than the theory of scissor 
action. 

It is thought that, in the soft incompetent beds such as those which 
are in contact from end to end of the Los Bajos fault, vertical dis- 
placement at the fault would show far greater disturbance than has, 
so far, been found. The absence of shattering between the two sides 
of the fault at Los Bajos and the confinement of the fault to a single 
plane where an apparent throw of 4,000 feet occurs, is strong evidence 
in favor of horizontal-shift faulting. 

With regard to horizontal displacement, it seems that, once the 
fracture has developed, no further major deformity will occur unless 
the fracture is not straight. Where not straight, the movement will 
tend to plane off any protuberances and will there cause local contor- 
tion. 

THEORY OF FOLDING AND SUBSEQUENT FAULTING 


Evidence is by no means sufficiently complete to allow the estab- 
lishment of any conclusive theories regarding the cause of horizontal- 
shift faulting on this scale. However, two alternative suggestions are 
presented. 1. Superficial gravity collapse of sediments in a south-of- 
easterly direction over the metamorphic basement may be due to 
southeastward tilt of the earth’s crust and governed by relative com- 
petence of mainly Tertiary beds. In this theory, it is suggested that 
the fault may be the dividing line between beds on the northeast, 
which have a greater tendency to flow, and beds on the southwest, 
which show a certain rigidity. 

2. Horizontal-shift faulting may be due to a much more deep- 
seated cause, arising from the tectonic stresses which resulted in the 
last orogenic movement of the Caribbean region. Hess,’ in his latest 
publication, describes an eastward movement of Haiti, in relation to 
Cuba, of more than 60 miles due toa north-south compression of the 
Caribbean region, which found release of stress by movement toward 
the Atlantic. The Los Bajos fault may conceivably have occurred as 

7H. H. Hess, “Geological Interpretation of Data Collected on Cruise of U.S.S. 


Baracuda in the West Indies,” Trans. Geophysical Union (1937); and “Gravity Anoma- 
lies in Island Arc Structures with Special Reference to the West Indies,” zbid. (1938). 
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a similar but later release of stress on the south side of the Antillean 
arc (Fig. 8). 


GRAVITY COLLAPSE OF NORMAL SEDIMENTS DUE TO 
SOUTHEASTWARD TILT OF EARTH’S CRUST 


Accepting Haarmann’s® theory of orogenesis or the gravitational- 
folding theory of Jefferys,® it may be assumed here that the earth’s 
crust was elevated due to a swelling of the sial in the region of the Mio-- 
cene land of Antillia and that structures were formed subsequently 
toward the basin between this land and the Guayana shield. These 
structures were formed by a southward slumping, under gravity, of 
sediments from off a part of this Antillean uplift, and these sediments 
slipped southward over the metamorphic basement rocks, lubricated 
by incompetent clays, possibly wetted with oil, gas, and salt water. 

The structures that were developed in the south of Trinidad com- 
prised the Southern Range anticline with its complementary syncline 
on the north, including both the Erin and Siparia basins as one unit. 

After the orogenic movement had reached its greatest elevation 
and the foothill folding in central and southern Trinidad were nearly 
complete, later minor adjustments of equilibrium followed. 

J. V. Harrison and N. L. Falcon"? describe a number of over- 

turned and recumbent folds on the flanks of gentle, broad, symmetrical 
structures in Iran. They explain these anomalous flanking structures 
as actually being formed on the flanks of main anticlines due to grav- 
ity collapse after the development of topographic gradients sufficiently 
steep to allow downward movement. They write as follows. 
Thus it sometimes happens that, when a limestone sheet which appears to be 
massive and robust is uncovered . . . , it may not be able to retain its simple 
form, but wrinkles by slipping over a lubricant, the zone of marls below. The 
action seems to take place without the intervention of water, ...and the 
marls are so calcareous that they resist the puddling action of water. The dry 
marls appear to be sufficiently slippery to allow the limestone sheets to move 
over them. 

In Trinidad, Oligocene and Miocene sediments, north of the Los 
Bajos fault, are exceptionally incompetent; far more incompetent, it 
is believed, than their more arenaceous lateral equivalents in the 
Orinoco basin. In the area north of a line joining the Pitch Lake to 
( $ y Faarmann, Die Oszillations Theorie. Published by Ferdinand Enke, Stuttgart 
1930). 

9H. Jefferys, “Mechanics of Mountains,’”’ Quar. Jour. Geol. Soc. London, Vol. 82, 
No. 346 (Part 2 for 1931), pp. iii, iv. 


10 J. V. Harrison and N. L. Falcon, ‘‘Gravity Collapse Structures and Mountain 
Ranges as Exemplified in South-west Iran,” Quar. Jour. Geol, Soc, London, No. 365 
(June 26, 1935). 
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Morne Diablo, these beds may be regarded as approaching fluidity 
and would require much smaller topographical gradients than those 
which were responsible for forming gravity-collapse structures de- 
scribed by Harrison and Falcon. 

An example of slumping has been demonstrated at various points 
near the south coast of Trinidad where overburdens of incompetent 
recently ejected mud-flow material have slipped downhill toward the 
sea. These slump features are believed to represent in miniature what 


Fic. 5.—View of tension near highest point of slumped mud-flow body. 


actually may have occurred on a much larger scale during major 
mountain-building movements. 

In the case of these mud-flow deposits, equilibrium is upset, nat- 
urally, by repeated ejections of mud which appreciably elevate the 
surface. Along the south coast of Trinidad, particularly in the Cedros 
area, recent slump features are intensified by the fact that incompetent 
recent deposits attain great thickness at only a short distance offshore 
toward the south. Slumping, therefore, is due not merely to the tend- 
ency to reach sea-level, but to slide still deeper into the incompetent 
beds under the sea. 

An outstanding example of slumping took place in September, 
1935, in the l’Envieuse Estate at Cedros and was examined by the 
writer, A body of mud-flow about 3 mile in length by } mile in breadth 
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Fic. 6.—View of apparent overthrust on western edge of slumped mass. 
Movement was not felt in house on left. 


Fic. 7.—Nearer view of Figure 6, showing slickensiding parallel with surface. 


moved southeast about 10 feet laterally along a slope only 2° from the 
horizontal. This movement took place abruptly during the night and 
was not felt by local inhabitants. 
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The moved block was bounded by a magnificently slickensided 
shear plane standing nearly vertical and showing striations exactly 
parallel with the surface. 

The similarity of this shear to that of the Los Bajos fault lies in 
the fact that where the shear plane travelled along the contour of a 
slope tilted either toward or away from the area moved, the shear 
plane showed a slight apparent overthrust toward the lower ground. 
This overthrust, of course, was not compressional and in some places 
showed a deep open crack nearly 2 feet wide at the surface. 

Compressional features were clearly evident in the frontal part of 
the slump, where the beach sand maintained, for a short period, 
beautiful low-angle thrusts at less than 45° from the horizontal, point- 
ing out to sea. 

SOUTHWARD GRADIENT FORMED BY THE MIO-PLIOCENE OROGENY 


Having satisfied oneself with the extreme incompetence of beds 
in Trinidad, one must now look for a gradient sufficiently steep to 
cause these beds and their overburden to wrinkle southward and, by 
differential rock strength, to cause horizontal-shift faulting. Various 
authorities give evidence for assuming that a slight tilting actually 
was developed by the last main orogenic movement. 

H. von Ihering" gives definite paleontological evidence that a 
land bridge between Brazil and Africa existed until the Miocene, but 
that, in late Miocene time, this bridge subsided beneath the Atlantic. 

J. W. Gregory,” using G. A. Waring’s evidence of the age of fold- 
ing in Trinidad, considers that the last land bridge across the Atlantic 
subsided after the Miocene period. 

H. Gerth™ states: “...for the first time (at the end of Lower 
Cretaceous) in Eastern Brazil, transgressions of the Atlantic Ocean, 
which now separates South America from Africa, occurred over large 
areas ...’’; again he mentioned: “On the south (i.e. of the Cretaceous 
sedimentary basin of Venezuela) the basin was limited by a more ex- 
tended ancient nucleus of Guayana” (than at the present day), and, 
in conclusion, he considered that “the sediments in this geosyncline 
are folded between two old masses, one in the South, which is sub- 
siding slowly, and the other in the North which is rising and pushing 
those sediments, in the basin, towards the South.” He gives one the 

11 H. von Ihering, ‘“‘Land Bridges across the Atlantic and Pacific Oceans during the 
Kainozoic Era,” Quar. Jour. Geol. Soc. London, No. 347 (June 11, 1930). 

12 J. W. Gregory, “‘The Geological History of the Atlantic Ocean,” ibid., Vol. 85, 
No. 338 (Part 2 for 1929), p. cii. 


18H. Gerth, “General Outline of the Geological History of the South American 
Continent.” 2nd Venezuelan Geological Congress, April, 1938. 
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impression that part of the ancient land mass of Guayana is still sub- 
siding. J. A. Bullbrook,™ a geologist, considers that certain embay- 
ments in the Guayana front (British Guayana) definitely suggest 
recent subsidence of the continental shelf. Grantham and Noel Paton™ 
mention the subsidence of basement rocks in the basin of the Berbice 
River, and state that Pleistocene or upper Pliocene beds in that basin 
are known to be at least 1,680 feet thick and suggest that the base- 
ment rocks may even, in some regions, have subsided to depths greater 
than 3,000 feet. The writer suggests that the Guayana region bounded 
on the south by the Amazon and on the north by the Orinoco must 
be affected by the vast sedimentation which has been and is still being 
developed by those tremendous sources of material. Marine currents 
deflect the supply of material brought down by the Amazon, so that 
they come to rest in front of the present Guayana coast and may be 
contributing to recent subsidence of the eastern sector of the Guayana 
shield. The Orinoco may be causing similar subsidence of beds south- 
east of Trinidad and may be contributing to the development of re- 
gional subsidence of the eastern part of the Guayana shield. It is pos- 
sible that this subsidence of the eastern edge of the Guayana shield 
may have provided a southward gradient sufficiently great to upset 
the state of equilibrium obtained after the late Miocene orogenic 
movement and resulted in the formation of structures by gravity 
collapse, terminating finally in the development of the horizontal- 
shift movement represented particularly by the Los Bajos fault. 


RELATIVE COMPETENCE OF BEDS 


An important factor which may have been responsible, in no 
small degree, for the development of horizontal-shift faulting instead 
of further folding is the appreciable increase of competence in lower 
Miocene beds in a southwesterly direction. A straight line between 
the Pitch Lake and Morne Diablo (parallel, incidentally, with the Los 
Bajos fault) separates generally arenaceous lower Miocene beds on the 
south from almost entirely argillaceous lower Miocene beds on the 
north where deeper-water marine conditions prevailed. 

On the north, drilling in these beds and in the underlying Oligocene 
beds has encountered considerable difficulty in penetrating great 
thicknesses of caving shales. 

Northeast of this line, folding appears to be more intense than in 
the area on the southwest. Northeast of this line, the Parrylands and 


14 Oral communications. 
1 —D. R. Grantham and R. Noel Paton, Geology of the Superficial Deposits of British 
Guiana (1937). Report loaned to the writer by H. G. Kugler, chief geologist, Trinidad 
Leaseholds, Ltd., Pointe-a-Pierre. 
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Fyzabad structures rise and enter the Naparima area and therein 
show considerably more complex structural features. In addition, the 
Penal-Barrackpore fold has developed on the north flank of the South- 
ern basin and, similarly, the Rock Dome structure has developed on 
the southern flank of the same Southern syncline. These two struc- 
tures plunge and disappear toward the west-southwest. The Southern 
basin, in that eastern area, is not such a broad, gently warped syncline 
as that developed farther west. 

The writer suggests that this decrease in the intensity of folding 
southwestward owes its origin to greater competence of beds in that 
direction. Competence of Miocene beds naturally is due to a south- 
ward and southwestward change from marine clays and soft marls to 
estuarine and shallow-water marine deposition of sands and silts laid 
down progressively nearer to the shoreline of the Guayana shield. 

Evidence provided by mud-flow phenomena and, in some places, 
by wells which have penetrated pre-Miocene beds in the oil-field area 
tends to show that the Oligocene beds are still highly incompetent 
even southwest of the line joining the Pitch Lake to Morne Diablo. 
It may be that, northeast of the Los Bajos fault, incompetent Oligo- 
cene beds have formed lubricated soles for the slipping southeastward 
of Miocene and later deposits. Southwest of the Los Bajos fault, 
rigidity has been maintained more effectively by (1) greater compe- 
tence of beds of either Miocene or Oligocene age, and (2) less subsi- 
dence of the western part of the Guayana shield than of that eastern 
part which, in Miocene time, showed definite submergence according 
to von Ihering (mentioned previously). 


APPARENT REVERSED FAULTING 


The two fault structures, the Point Fortin structure and the Los 
Bajos structure which are adjacent to the fault on its north side and 
on its south side, respectively, resulted, in the writer’s opinion, from 
a component of the orogenic stress radiating from the main uplift 
in the north, acting normally to the plane of the Los Bajos fault. These 
structures grew most probably during the movement southeastward 
of the northern unit and were influenced, as previously suggested, by 
irregularities in the alignment of the Los Bajos fault. That southeast- 
ward movement took place presumably under the pressure of a second 
component of the stress radiating from the uplift in the north acting 
parallel with the fault plane. 

Gravitational sliding of sediments (Haarmann’s theory), there- 
fore, may have been responsible for the horizontal-shift faulting move- 
ment occurring outward from an orogenic uplift which rose to a maxi- 
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mum along a roughly east-west band north of the island, together 
with a contemporary subsidence in the southeast which increased 
eastward of the existing Guayana shield. 

Accompanying this argument, the writer contends that an increase 
in thickness and competence of Tertiary beds southwestward con- 
trolled, to some extent, the direction of sliding. The predominance of 
competent sands in the deposits which form the Moruga and Guaya- 
guayare hills may have formed a buttress against which the Southern 
Range anticline was folded and thrusted and may, indeed, have par- 
tially obstructed the movement, southeastward, of the Los Bajos 
fault. 

The frontal sector of the Los Bajos fault movement may be com- 
pletely explained by similar thrusting on the highest structural point 
of the Southern Range anticline in the Rock Dome ‘district (Marac 
Quarry) where Eocene beds are exposed." It is not yet known whether 
this Eocene at Marac is in its original position or whether it forms a 
pinched block carried upward by folding of an imbricate nature into 
contact with younger beds. It is possible, however, that resistant 
monadnocks of Eocene or older beds, which formed islands during 
Miocene and Oligocene deposition, may later have formed a barrier 
which was sufficiently strong to prevent the sliding movement from 
passing east-southeast beyond the main anticline. Southeast of the 
main fold, Miocene beds suddenly become competent again, being, 
locally, predominantly sandy, and form a steep though rigid south 
flank. Faulting seen in the middle of the south coast may, therefore, be 
a quite unimportant relic of the horizontal-shift faulting movement, 
the main movement having been dispersed as thrusting on the north 
flank of the main anticline. 


CONTINENTAL DRIFT IN APPROACH, ONE TOWARD 
OTHER, OF AMERICAN CONTINENTS AS CAUSE 
OF HORIZONTAL SHIFT FAULTING 


The structure of the Caribbean region, according to Hess,!” (Fig. 
8) suggests a north-south contraction accompanied by a release of 
pressure eastward toward the Atlantic Ocean. Hess'® suggests that 
release of pressure has not only been demonstrated along the Antillean 


1H. G. Kugler, ‘The Eocene of the Soldado Rock near Trinidad,” Boletin de 
Geologia y Mineria, Ministerio de Fomento, Venezuela, Vol. II, Nos. 2, 3, and 4, pp. 202- 
25. 

17H. H. Hess, op. cit., “Geological Interpretation of Data Collected on Cruise of 
U.S. S. Baracuda in the West Indies,” Trans. Geophysical Union (1937). 

18 H. H. Hess, “Gravity Anomalies in Island Arc Structures with Special Reference 
to the West Indies,”’ zbid. (1938). 
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arc but has also been proved by enormous horizontal-shift faulting 
between Cuba and Espaniola (Haiti) showing a lateral eastward 
movement of more than 60 miles. The movement of the Los Bajos 
fault may be due to a similar, though smaller, eastward movement on 
the south limb of the arc and should, consequently, have affected not 
only the normal sediments but also the metamorphic basement itself. 
An eastward release of stress of this nature again suggests subsidence 
of the Atlantic. 


Errect oF Los Bajos FAULT ON MIGRATION OF OIL 
PRESENT POSITION OF ACCUMULATION 


Oil, in the main oil fields of southern Trinidad, is found generally 
in lower Miocene beds, known locally as the Forest and Cruse series 
(Cyclammina clays). In the early days, it was thought that oil and 
gas under gravity separation had accumulated only in the crestal 
areas of anticlines. It was difficult, however, to explain how, with 
such intense lateral variation of sands, silts, and clays in these beds, 
oil could have separated from salt water and could have filled sand 
lenses only in the crestal zones. With the application of electric logging 
methods a greatly improved understanding of oil and water distribu- 
tion has been made possible, and it is found that oil accumulations 
are not essentially confined to structural “highs,” but more especially 
to regions of disturbance and faulting. 

Certain structurally high areas, for example, the north flank of 
the Fyzabad structure, are comparatively barren, whereas other 
areas which are structurally low, on the same structural unit, are 
well impregnated with oil. Good examples of this phenomenon may be 
seen on the north flank of the Palo Seco structure and the south flank 
of the Fyzabad anticline. 

It is worthy of note that the deepest part of the Siparia syncline, 
that is, the structurally deepest part of Trinidad between the Los 
Bajos fault and the Central Range, is well impregnated in the normal 
zones of accumulation, whereas updip on the same flank a barren area 
intervenes between this oil accumulation and the Fyzabad field. 

The north flank of Palo Seco is associated with the Santa Flora 
fault. The south flank of Fyzabad is the steeper flank of the structure 
and is associated with strike-and-dip faulting and, finally, the deep- 
est part of the Siparia syncline is that part in close contact with the 
Los Bajos fault. These deep accumulations have not extended updip 
toward the anticlinal crest, owing to the extreme lack of continuity 
of beds. 

It is now apparent that oil accumulation owes its existence in the 
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Forest and Cruse series to communication with older beds along lines 
of faulting. 
MUD-FLOW 


Associated with these accumulations are occurrences of dykes and 
sills of mud-flow material composed of shiny clay pebbles, sand frag- 
ments, and grit in a matrix of sandy and silty clay. This material is 
similar in many respects to cavings found in wells where flow has 
been obtained from sands interbedded with incompetent clay. 

In the oil-field region, mud-flows have been found to contain 
mixed forams derived from beds ranging from Cretaceous to Oligo- 
cene in age. Many sand fragments and cavities in these mud-flows 
are well impregnated with oil.'® 


DEEPER SOURCE OF OIL 


It is the writer’s opinion that these mud-flow phenomena are 
relics of violent eruptions of material ejected along lines of tension 
faulting, and it is his belief that these blow-outs were derived, not 
from slow filtration of oil from a clay source rock or mother rock, 
but from deep-seated reservoirs where oil and gas have already ac- 
cumulated and have later been partially released by faulting during a 
comparatively recent period of disturbance. 

From the common occurrence of the various fragments of material 
found in mud-flows, it is as yet impossible to determine whether the 
source of the ejections is only Cretaceous (and samples have been 
gathered from all overlying beds in their upward journey), or whether 
various zones of accumulation exist also in Eocene and Oligocene 
beds. 

CONCLUSION 


The Los Bajos fault phenomenon may be summed up as a hori- 
zontal movement eastward (on the assumption that the Guayana 
shield has remained stationary) of the northern fault block. The 
fault traverses an area on which approximately 14,000 feet of Ter- 
tiary sediments were deposited. That is to say, it gives an almost 
straight fracture through the Orinoco basin at its thickest as well as 
its least competent Tertiary development. The writer considers that, 
in such an area, it is unlikely that the fault was initiated by any pre- 
vious orogenic movement and that, provided a sufficient southeast 
gradient was developed, movement took place as a gravitational 
slumping of incompetent Tertiary beds of the northern block, south- 


19 C. C. Wilson, Jour. Inst. Petrol. Tech., Vol. 16, No. 83 (June, 1930), pp. 578-80; 
Vol. 19, No. 120 (October, 1933), pp. 878-80. 


H 
i 
4 


LOS BAJOS FAULT OF SOUTH TRINIDAD, B.W.I. 2125 


eastward, past the southern block due to a tilting movement which 
continued after the late Miocene orogeny. Movement may have taken 
place only in a superficial Tertiary sheet over a rigid metamorphic 
basement. An increased competence in Forest-Cruse beds in the 
Moruga-Guayaguayare area may have obstructed the horizontal 
movement and caused greater folding and overthrusting, locally, in 
the northern block compared with that found in the southern block. 

Gravitational slumping on a very much smaller scale can be seen 
in action from time to time in mud-flow deposits on the crestal area 
of the main southern anticline. There, mud-flow masses have moved 
toward the sea on very low gradients, and the writer suggests that this 
type of movement gives a miniature picture of the horizontal-shift 
faulting phenomena of the highly incompetent beds on the north side 
of the Los Bajos fault. 

On the other hand, if the gradient developed, sine the Mio-Plio- 
cene orogeny, was not sufficiently great to induce movement of this 
nature, then the writer is inclined to the view that this horizontal 
movement is related to the eastward release of stress shown by folding 
and horizontal-shift faulting in the Caribbean area generally, as de- 
scribed by Hess. The Los Bajos fault, therefore, is a later equivalent 
on the south side of the Antillean arc to that of the enormous Bartlett 
horizontal-shift fault which has moved Espaniola more than 60 
miles from its contact with Cuba. 

The writer wishes especially to thank H. G. Kugler for his very 
helpful criticism of this paper and for directing his attention to litera- 
ture bearing on this subject. He wishes also to thank G. W. Halse, 
A. G. Hutchison, E. Cooper Scott, and J. A. Bullbrook for their valu- 
able help and the Trinidad Petroleum Development Company, Ltd., 
for granting permission to publish this paper. 
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HOFFMAN FIELD, DUVAL COUNTY, TEXAS! 


HARVEY WHITAKER? 
San Antonio, Texas 
ABSTRACT 


The Hoffman field is located in the Government Wells district of Duval County 
in southwest Texas. Production is found in five sands in the Textularia hockleyensis 
zone of the Jackson formation, upper Eocene in age. The sands range in depth from 
2,500 to 2,900 feet. The field is on a broad anticlinal nose with probably not more than 
40 feet of closure on the Jackson. Stratigraphic variations are as important to accumu- 
lation as structural relief. Variations in gas-oil and oil-water contacts are pronounced 
and are probably due to changes in porosity and permeability of the sands although 
there is some evidence of water coning. No estimate of reserves is practicable except by 
comparative method. The field is still in the development stage. 


LOCATION 


The Hoffman field is located in northwest-central Duval County, 
Texas, on the interior coastal plain. It is accessible by hard-surfaced 
roads from Benavides and Freer. The field lies 3 miles east and 
slightly south of the Sarnosa pool, and 3 miles south of the Loma 
Novia pool (Fig. 1). 

HISTORY 

Magnetic and torsion-balance work by the Plymouth Oil Company 
in 1932 disclosed evidence of an anticlinal structure in the vicinity of 
the field. Their first interpretation located the top of the structure 
considerably east of its true position. Their Hoffman No. 1, in the 
center of Section 113 (Fig. 2), had sufficient showings in several sands 
to warrant further drilling, and a second well was drilled ? mile updip, 
but the showings of oil were little better than were encountered in the 
first well. 

The addition of these wells to the subsurface control in the area 
indicated a possible closure or at least a strong nose farther updip and 
this was substantiated by new magnetic work by R. H. Durward of 
the Plymouth Oil Company. 

Conway and Campbell’s Hoffman No. 1, discovery well of the 
field, was located on this information near the north line of Section 
114, 17 miles due west of Plymouth’s Hoffman No. 2, and was com- 
pleted in August, 1933, producing 20 million cubic feet of dry gas in 
the Government Wells sand from a depth of 2,751-2,757 feet, with 
1,000 pounds pressure. Plymouth’s Hoffman No. 3 was drilled two 
locations east and was 30 feet lower structurally on top of the sand. 


1 Manuscript received, July 17, 1940. 

2 Geologist, Gorman-Yoakam Drilling Company. The writer expresses appreciation 
to Edgar W. Owen and Charles H. Row for helpful criticism and suggestions, and to the 
Gorman-Yoakam Drilling Company for permission to publish this paper. 
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The well was abandoned after a drill-stem test recovered 1,200 feet of 
salt water, about 10 per cent of which was oil. 
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Fic. 1.—Map of Duval County, Texas, showing location of Hoffman field. 


The Bridwell Oil Company’s Sutherland No. 1 was the second gas 
well in the field. Its location was 1} miles north of the discovery (in 
Section 122) and was completed in March, 1934. Sutherland No. 2, a 
location north, found the sand 21 feet lower than the gas well. It ap- 
peared to be a good oil well when completed but went almost immedi- 
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ately to water. Sutherland No. 1-A, two locations west of No. 2, 
established the first oil production from the Government Wells sand, 
found from 2,707 to 2,713 feet, in July, 1935. The initial production 
was 100 barrels per day, flowing, but water soon broke in and could 
not be shut off. 

The thin oil column disclosed by this drilling discouraged develop- 
ment and for a year and a half there was little activity. In January, 
1936, Rogers’ Sutherland No. 1 was drilled in the southeast corner of 
Survey 120. It was completed in the lower Loma Novia sand from 
2,870 to 2,875 feet producing 484 barrels per day. This led to immedi- 
ate development of the field and orderly drilling has continued to the 
present. 

Bridwell-Gorman-Yoakam’s Robles No. 1, in the southwest corner 
of Survey 68, discovered upper Loma Novia sand production at a 
depth of 2,810—2,825 feet in October, 1936. The initial production was 
75 barrels per day, pumping. 

Cox and Hamon-Gorman-Yoakam’s Cuellar No. 1, in the center 
of Survey No. 117 (west), provided a half-mile south extension to the 
field in the Government Wells sand in October, 1937. Their Cuellar 
No. 3 discovered the Argo sand production through perforations from 
2,550 to 2,570 feet. The well was completed, November 25, 1937, pro- 
ducing 20 barrels an hour. 


TOPOGRAPHY 


The Hoffman field is located on the Oakville belt of hills and the 
topography is typical of this belt of country, being a succession of 
high ridges and broad valleys. The ridges are covered with caliche 
and numerous outcrops of Oakville sandstone. The soil is very poor 
buff sandy loam and red or buff clay, and due to this and the semi- 
arid condition of the region, only a small amount of cultivation is 
attempted in the valleys where the soil is good. The principal vegeta- 
tion is cactus, mesquite, and chaparral. The elevation varies from 743 
to 615 feet with the highest elevation coinciding with the top of the 
structure. 

STRATIGRAPHY 
SURFACE 


The youngest beds found in the Hoffman area are Oakville, lower 
Miocene in age. These beds consist mainly of sand (commonly quartz- 
itic) with some sandstone conglomerates and buff clays. The sands 
are buff to brown in color with dark iron-stain banding. 

At several localities in and near the field the Catahoula (Oligocene), 
underlying the Oakville, is exposed. The uppermost member, in con- 
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tact with the Oakville, is gray to white volcanic ash. This is the La 
Chusa of Bailey’s* Gueydan formation. 


SUBSURFACE 


The formations from the surface to the top of the Jackson have 
not been carefully differentiated in this area due to the inability to 
determine the contacts from the lithologically non-marine character 
of the sediments. The Jackson (Eocene) bears a good marine fauna and 
the diagnostic Foraminifera of its various members are readily found. 

Table I gives a brief description and the approximate thicknesses 
of these formations. 

The sands of the Jackson can not be differentiated by lithology, 
and due to their lenticular nature, a complete log is necessary to 
identify the various sands except in areas with close control. The sands 
are generally shaly and the shale content of the producing sands in- 
creases updip until they become sandy shale, then shale (Fig. 7). 


STRUCTURE 
SURFACE 


The discontinuous outcrop of the Oakville and the Oakville-Cata- 
houla contact allow very poor control in the vicinity of the Hoffman 
field, but such work as can be done shows only a broad nose. The fault 
on the north end of the field has not been found on the surface. The 
topography of the area suggests the structure but this is probably 
coincidental. 

SUBSURFACE 


The subsurface structure as mapped on top of the Mirando sand 
zone shews a long, low anticline with a fault cutting across its north 
end. A saddle in the middle of the feature produces two separate clo- 
sures with the northern closure being the higher. There are insufficient 
data to show the exact amount of closure and only 30 feet can be 
proved, with a possibility that there is more. The fault at the north 
end of the field is a normal dip-fault downthrown toward the south. Its 
strike is approximately N. 70° E. At the one point of close control 
between Reliance’s Ruiz No. 2 and No. 3, in Section 125 west of the 
field, the throw is 160 feet. This apparently decreases to the northeast. 

Due to their uneven surfaces the sands make poor datum planes. 
For this reason the map (Fig. 2) is drawn with contours on top of the 
Mirando zone which is an estimated value except in a few deeper 
wells. False dips due to lenticularity have thus been eliminated. 


3 Thomas L. Bailey, ‘‘The Gueydan, a New Middle Tertiary Formation from the 
Southwestern Coastal] Plain of Texas,” Univ. Texas Bull. 2645 (December 1, 1926). 
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The Soledad sandstone (Catahoula) found from 500 to 700 feet, 
is a very persistent bed over most of the area but grades into shale in 
the northeastern part of the field. Using the base of this sand as a 
datum plane the structure is mapped with considerably more relief 
than can be shown on any of the producing sands. This indicates that 
the sand was deposited over a topographic feature which expressed an 
exaggeration of the structure at that time. 

An anomaly on the base of this sand on the west side of Rowan 
and Hope’s Cuellar lease in Section 114 indicates some minor faulting, 
downthrown toward the south. There is not enough information as 
yet to show this feature. 


PRODUCING FORMATIONS 
LOWER LOMA NOVIA SAND 


The lower Loma Novia sand is the deepest producing formation 
in the field at present and is found from 2,840 to 2,900 feet. The pro- 
duction is confined to the top of the structure since the sand extends 
several miles west beyond production. This is the only sand producing 
from purely structural accumulation. There is an average of not more 
than 10 feet of sand above water and it contains no free gas. The 
sand is medium fine-grained and generally shaly but porous and highly 
permeable. The sand has little pressure and most of the wells did not 
flow. Nearly all have a high fluid level and the oil is produced effi- 
ciently by jetting. Recently most operators have installed pumping 
equipment. 

This sand has an efficient water drive, which is responsible for a 
rather good recovery from a small amount of sand. Most of the wells 
make water but there is little appreciable increase in water production. 
To August 1, this oil production was approximately 2,300 barrels per 
acre. 

The total area of the lower Loma Novia production is 420 acres. 
There are 39 producing oil wells. This production may be extended 
slightly but its limits are well defined. 


UPPER LOMA NOVIA SAND 


The production from the upper Loma Novia sand has been very 
disappointing in the north part of the field. The sand is present only 
on the downdip side of the structure and is poorly developed. It covers 
most of the south part of the structure where it is cleaner but thin. 
On top of the structure it has shaled out entirely or is represented by 
4 or 5 feet of very shaly sand showing oil. Bridwell and Gorman- 
Yoakam’s Robles No. 1 was drilled in the southwest corner of Section 
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68 on the theory that the showings on top were from the wedge end 
of the sand and better development would be found on the east flank 
of the structure. The sand was found at 2,810-2,825 feet but was 
shaly. The well produced 75 barrels per day on the pump with no 
pressure. 

Eighteen other wells were drilled in this vicinity and in all the 
sand was tight and shaly. Production ranged from 25 to 75 barrels 
on jet or pump. 

At the south end of the field (Sections 496 and 497) the sand is 
generally much cleaner although it is typically shaly in spots. There 
is an average of not more than 10 feet of effective sand. The best wells 
flow a maximum of 20 barrels an hour initially. The upper Loma Novia 
sand in this area is found at depths ranging from 2,775 to 2,850 feet. 
The accumulation is caused by the sand shaling updip. There is no 
free gas in the sand but the wells have good flowing pressures where 
the sand is clean. There is apparently a good water drive in this sand 
in the south end of the field. 

There are 102 wells in the upper Loma Novia sand. There is a 
large undeveloped area within the limits of production but most of 
such locations are of dubious value. The wells producing from the 
Government Wells zone will be deepened to test this sand when they 
are depleted. 


GOVERNMENT WELLS SAND 


Production from the Government Wells sand covers the entire 
field (Fig. 5). The sand is found at depths ranging from 2,650 to 2,750 
feet. It is primarily a gas sand, but there is an oil column that aver- 
ages 7 or 8 feet in thickness throughout the field (varying from 4 feet 
to 18 feet) where the condition of the sand will allow accumulation. 
The sand thins from a thickness of 100 feet on the east edge of the 
field to 35 feet just west of the field. The lower part of the sand con- 
tains water over the structure. 

The oil accumulation seems to be governed mainly by the porosity 
and permeability of the sand. On top of the structure where the sand 
is shaly and tight, the gas-oil contact is generally found between a 
subsea datum of 2,040 and 2,045 feet. On the east flank, where the 
sand is very porous and permeable, it is as high as minus 2,018 feet. 
Apparently, the gas cap has depressed this contact. 

The water level is approximately minus 2,050 feet, but a number of 
wells have produced water from depths 15 feet above this datum, and 
a few wells produce no water at a minus 2,060 feet. The reason for 
this apparently uneven water level is unknown to the writer. It is 
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partly explained by the fact that the water, underlying the oil in the 
entire field, moves more readily through the sand than the oil. This 
coning action has been observed and recognized in several wells. 

Another plausible explanation is the theory that the structure is 
too young to allow a complete separation of the fluids. The Govern- 
ment Wells sand has more closure than any other sand (30 feet struc- 
tural, plus 35 feet stratigraphic) yet the fluid separation in it is poorer 
than in any other sand. Supporting this theory is evidence that much 
of the movement took place later than Soledad time. A combination of 
structural and stratigraphic closure is responsible for this accumu- 
lation. 

The Government Wells sand has a highly efficient water drive 
and, due to this, it is expected that a large percentage of its oil will 
be recovered. 

The original gas pressure of 1,000 pounds has been nearly dissi- 
pated except in the south part of the field and, as a consequence, most 
of the wells are being pumped. 

Since the oil column is comparatively thin, a shale break or tight 
place in the sand, where the saturation should be, will result in a gas 
well or a dry hole. For this reason, the Government Wells producing 
area has not been completely developed. 

There are 97 oil wells and 12 gas wells completed in this sand. 


ARGO SAND 


The Argo sand derived its name from a small producer in the east 
quarter of Section 498, about } mile southeast of the field, drilled by 
the Argo Oil Company. This well was the only producer in an appar- 
ently isolated lens. Production fell off rapidly after completion and the 
well was soon abandoned. 

This sand lies about 100 feet above the Government Wells sand 
and is finer-grained than any other producing sand. In most wells it is 
clean sand. It varies from 5 to 40 feet in thickness and is confined to a 
narrow tongue-shaped lens greatly resembling a stream bed. 

There is no water in this sand and no free gas, but a sufficient 
amount to flow most of the wells. The wells vary widely in producing 
capacity, being entirely controlled by the character of the sand rather 
than position on the structure. 

The Argo sand presents an exceptional distribution pattern for 
this section. It greatly resembles a stream bed but there is no evidence 
supporting the conclusion that this was its origin. As it produces 
downdip beyond the limits of production in other sands it can not be 
proved that it is an isolated lens, but there is no prominent body of 
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it developed anywhere. Since its shape provides for closure on normal 
dip, it is considered a fortunate coincidence that it was found on the 
structure rather than being related to it. 

There are isolated patches of this sand, as shown in Figure 6. It 
is probably an off-shore bar but more work must be done before an 
explanation for its occurrence can be definitely stated. 

The producing area is definitely delineated in the field itself but 
extensions are probable on either end of the lens. 

There are 37 oil wells in the Argo sand. 


FRIO PRODUCTION 


A gas well was completed accidentally in Cox and Hamon, Gor- 
man-Yoakam’s Plymouth (Cuellar) No. 3 in Section 123 in the south- 
west part of the field. The pipe was shot off in this well at 1,780 feet 
and a large flow of gas with 500 pounds pressure resulted. It is appar- 
ently producing from a sand found on the electrical log at 1,760-1,780 
feet. This appears to be a more or less blanket sand throughout the 
field, but has not been cored or tested in any well. 


DEVELOPMENT 
DRILLING 


With the exception of a thin quartzitic sand here and there, the 
drilling in the Hoffman area is easy. Fish-tail bits are used from top 
to bottom. A 12-inch hole is carried to 20 feet where 103-inch surface 
pipe is set. A gg-inch hole is drilled to the producing sand and 7-inch 
outside dimension or 53-inch outside dimension pipe is set. 

Light power or steam rigs are used, as plenty of water is available 
from the Soledad formation at about 500 feet. No commercial muds 
are required as the formations make good mud from the surface, 
although some returns are lost in the Soledad and at 1,200-1,500 feet. 
This difficulty is not serious. 

It requires about 4 days from spudding to setting the oil string 
unless there is an excessive amount of coring and testing. 

In the lower Loma Novia production, the Argo (if present), Gov- 
ernment Wells, and the thin upper Loma Novia saturations are cored 
and commonly tested before pipe is set. The producing possibilities 
of these sands are carefully noted, as the operators intend to perforate 
these sands or twin their locations when the lower sand is depleted. 

On the northeast flank of the structure, the original plan was to 
complete in the upper Loma Novia sand and later perforate the Gov- 
ernment Wells. However, after a few disappointing attempts to com- . 
plete in the Government Wells by this method, it was abandoned as 
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impractical. It appeared to be impossible to complete such a well by 
this method which would not produce an excessive amount of water. 
The most successful method of completion in the Government Wells 
has been to penetrate the sand as little as possible, it having been 
discovered that 2 feet of good saturation would yield as well as a 
thicker section. The mud is then swabbed or jetted off the sand slowly 
enough to be replaced with oil so that a good column of fluid is always 
exerting a pressure on the sand. 

Since all the producing sands are medium fine-grained and uncon- 
solidated, there is considerable sand trouble in the field if the wells 
make any appreciable amount of water. As fine-gauged wire-wrapped 
screen did not solve this problem, the common perforated liners are 
generally used. 

Most of the wells in the northern, or old, part of the field have gone 
on the pump. Central powers are used on all leases except the Duval 
Oil Corporation properties where individual electric-powered units 
have been installed. Due to the wide variation in the production of the 
wells, these units have the advantage of independent operation over 
the central power. 

PRODUCTION 

The Hoffman field has been produced under proration as shown in 

Table II. 


TABLE II 
Datty ALLOWABLE PRODUCTION 

1937 1938 1939 
January 23 21.50 16.32 
February 23 19.71 
March . 23 20.00 16.32 
April 23 19.03 16.67 
May 23 16.32 17.29 
June 23 16.13 16.13 
July 23 18.45 16.32 
August 23 19.16 
September 23 16.13 
October 23 16.32 
November 23 16.13 
December 23 16.32 


To August 1, 1939, the total production from the field was 2,896,- 

334 barrels. 
OUTLETS 

The Humble Pipe Line Company began buying oil in August, 
1935- Its 6-inch line passes through the north end of the field and 
delivers the oil at tidewater at Ingleside, Texas. The Crude Oil Pur- 
chasing Company provides the other outlet for the field. Its 4-inch 
line passes through the south part of the producing area, and delivers 
the oil to Corpus Christi, Texas. 
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DEEPER POSSIBILITIES 


The deepest test in the Hoffman field is Rogers’ Hoffman No. 2 in 
Section 118, which was drilled to a depth of 3,605 feet. This test was 
plugged back and completed in the Government Wells sand as a gas 
well. At its total depth the well was 350 feet in the Yegua formation, 
and no showings of importance were encountered below the lower 


Loma Novia horizon. 


TABLE III 
SumMARY OF DaTA 
Number Aver. Total Water 
Producing Sand of Depth Lev! 
Wells in Feet in Feet 
Argo 37 oil 2,505 ? 26-28 Nov., 1937 
12 gas 

Government Wells 97 oil 2,740 —2,050 20-21 Aug., 1933 
Upper Loma Novia 102 oil 2,845 —2,180 23-25 Oct., 1936 
Lower Loma Novia 39 oil 2,875 —2,165 23 Jan., 1936 
Total production TAUGUSt 7050) 2,896,334 barrels 
Average drilling (spud to completion) time.................... 7 days 


The Yegua formation is estimated to be 1,000 feet thick in this 
locality (from near-by tests) and the whole formation is very sandy. 
These sands are lenticular and it is possible production may be found 
somewhere in the section. 

The Cook Mountain formation is predominantly shale. The Queen 
City and Wilcox sands, in the lower part of the Eocene, offer the best 
deeper possibilities. There have been no wells drilled to reach these 
sands in this area, so there is little information to aid in approximating 
their depths. A rough estimate places them at 6,500 and 10,000 feet, 
respectively. 
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STRUCTURAL INTERPRETATION OF RECENT 
GRAVITY OBSERVATIONS IN SOUTHEASTERN 
OKLAHOMA! 

THOMAS A. HENDRICKS? 

Washington, D. C. 

ABSTRACT 


Fourteen new gravity determinations have been made by the United States Coast 
and Geodetic Survey on and near the north border of the Coastal Plain in southeastern 
Oklahoma. The stations are located near township corners and form a grid surrounding 
the junction of the Ouachita and Arbuckle mountain systems beneath Cretaceous strata 
of the Coastal Plain. Gravity anomalies computed by the Coast and Geodetic Survey 
show a broad nose of high positive anomalies that coincides with the granite core of the 
Tishomingo anticline of the Arbuckle Mountains and with its southeastward prolonga- 
tion beneath the Coastal Plain. The nose extends southeastward in such a way as to 
form a large southeastward reéntrant at least 12 miles deep in the northwest front of 
the Ouachita Mountain structural province between Atoka, Oklahoma, and Denison, 
Texas. 


Early in 1938 several geologists of the United States Geological 
Survey selected areas with which they were familiar in which they 
thought that gravity determinations might yield significant geologic 
data. The areas were selected at the request of the United States Coast 
and Geodetic Survey and outlines of proposed projects for gravity 
determinations were submitted to that Survey for consideration. The 
purpose of this paper is to present the results obtained in one of those 
projects together with an interpretation of the geologic significance 
of the results. 

In November and December, 1938, a field party working under the 
direction of R. W. Woodworth occupied and made pendulum gravity 
observations at 14 new stations in Atoka and Bryan counties, Okla- 
homa, and in addition reoccupied an old station at Wapanucka in 
Johnston County. It is interesting to note that observations were 
made at the 15 stations in a total elapsed time of 29 days and that 
twice in the course of the field work observations were completed at 
different stations each day for four consecutive days. Computations of 
the results made by the Coast and Geodetic Survey are given in 
Table I. 

Most of the stations lie on Cretaceous strata of the Gulf Coastal 
plain (Fig. 1). They form a grid on approximately 6-mile centers sur- 
rounding the intersection of the projection of two pronounced lines 
of pre-Cretaceous deformation beneath gently dipping Cretaceous 
strata. One of these is the Choctaw fault, a large overthrust from the 


1 Manuscript received, July 27, 1940. 
2 United States Geological Survey. 
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southeast that trends northeastward and forms the northwest front 
of the Ouachita Mountains. The other is a large fault that trends 
southeastward almost normal to the Choctaw fault and lies on the 
northeast flank of the Tishomingo anticline. The fault has been in- 
terpreted by Joseph A. Taff® as a high-angle normal fault and by 
Robert H. Dott‘ as a high-angle reverse fault. In its surface expression 
it separates pre-Cambrian granite on the crest of the Tishomingo anti- 
cline from Cambrian to Mississippian strata of the facies characteristic 
of the Arbuckle Mountains on the northeast side of the fold and fault. 
The stratigraphic displacement on the fault is of the order of magni- 
tude of 5,000 feet. 

These two faults divide southeastern Oklahoma into three seg- 
ments, each of which is underlain by rocks markedly different from 
those in the other segments. Southeast of the Choctaw fault lies a 
thin sequence of pre-Pennsylvanian strata overlain by a series of 
more than 20,000 feet of clastic Pennsylvanian sediments of the facies 
characteristic of the Ouachita Mountains. These strata are broken by 
numerous thrust faults. North of the two faults in the area of the 
gravity observations lie about a thousand feet of clastic Pennsylvanian 
sediments of the Arkansas-Oklahoma coal basin underlain by about 
10,000 feet of Cambrian to Mississippian strata consisting principally 
of limestones and dolomites belonging to the facies characteristic of 
the Arbuckle Mountains. The most southwesterly segment consists 
of the pre-Cambrian Tishomingo granite which contains at the south- 
east end of the Arbuckle Mountains, one down-faulted inlier of Cam- 
brian and Ordovician limestone, and Cambrian sandstone of the facies 
characteristic of the Arbuckle Mountains. 

When the project was suggested it was hoped that the gravity 
anomalies would be markedly different on the three segments and 
that it would be possible to show that one of the previously mentioned 
faults terminated against the other at the intersection of their pro- 
jections beneath the strata of the Coastal Plain. As was expected, the 
highest positive anomalies were found on the granite and its south- 
eastward extension beneath the Coastal Plain; smaller positive anoma- 
lies were found on the segment where limestone and dolomite are 
predominant; and negative anomalies were found on the segment 
underlain by thick Pennsylvanian clastic sediments. However, no 
sharp termination of any two of those lithologic groups against the 
third can be inferred from the anomalies. 


3 J. A. Taff, “Atoka, Indian Territory (Oklahoma),”’ U. S. Geol. Survey Atlas Folio 
79 (1902), structure sections. 

4R. H. Dott, “Overthrusting in Arbuckle Mountains, Oklahoma,” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 18, No. 5 (May, 1934), p. 587. 
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The gravity anomalies were plotted on the State geologic map of 
Oklahoma, and iso-anomaly lines were drawn mechanically without 
any attempt to adjust them to fit the geologic structure. The promi- 
nent feature revealed by those lines is a large southeastward extension 
of the area of high positive anomalies on the granite of the Tishomingo 
anticline. Presumably, the southeastward extension of high positive 
anomalies coincides with a southeastward-plunging projection of 
granite beneath the Cretaceous sediments of the Coastal Plain. This 
conclusion is in part substantiated by data supplied by four wells 
between Atoka and Durant that passed through the Cretaceous strata 
into older rocks (Fig. 1). 

Three of these wells are on a southeastward-trending line about to 
miles northeast of Durant. According to B. H. Harlton’ granite was 
encountered in the most northwesterly of the three wells at a depth of 
about 1,250 feet and in the middle well at about 550 feet. Harlton® 
has also informed the writer that the most southeasterly well encoun- 
tered no granite but passed from Cretaceous strata into sediments of 
the facies characteristic of the Ouachita Mountains at a depth of 
approximately 1,500 feet. 

It is apparent, therefore, that the Choctaw fault either terminates 
against the northeast side of the granite mass or swings southeast- 
ward north of and more or less parallel with the northeast side. of the 
granite area. If the Choctaw fault terminates against the granite 
without bending southeastward the three segments of rocks of differ- 
ent lithologic types should be clearly outlined. The limestone sequence 
should be confined to the segment north of the junction of the two 
faults, the thick sequence of clastic Pennsylvanian strata should lie 
in the segment east of the junction of the faults, and granite should 
be in contact with each of those sequences at the fault that tends 
southeastward. 

A small exposure of strata of a facies characteristic of the Ouachita 
Mountains is present in Frounterhouse Creek, Sec. 19, T. 3 S., R. 
11 E., about 6 miles southwest of the point where the Choctaw fault 
passes beneath the Coastal Plain (Fig. 1). That exposure permits the 
continuation of the Choctaw fault southwestward to within about 3} 
miles of the intersection of its projection with that of the fault on the 
north flank of the Tishomingo anticline. 

In 1928, Sidney Powers’ reported that a well in Sec. 17, T. 4 S., 

5 B. H. Harlton, oral communication. 


8 Tid. 

7 Sidney Powers, ‘‘Age of Folding of the Oklahoma Mountains—the Ouachita, 
Arbuckle, and Wichita Mountains of Oklahoma and the Llano-Burnett and Marathon 
Uplifts of Texas,” Bull. Geol. Soc. America, Vol. 39 (1928), p. 1045 (in footnote). 
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R. 11 E., about 10 miles south of Atoka, penetrated a section typical 
of the facies characteristic of the Arbuckle Mountains from Caney 
to Simpson, in other words a sequence characteristic of the segment 
that lies between the two faults. That well lies about 5 miles south and 
slightly east of the location of the Choctaw fault on Frounterhouse 
Creek. It seems apparent, therefore, that the Choctaw fault bends 
southeastward as it approaches the southeastward-trending granite 
nose and that a zone of strata of the facies characteristic of the Ar- 
buckle Mountains lies between ‘the Choctaw fault and the granite on 
the Tishomingo anticline. The exact distance through which the 
southeastward trend of the Choctaw fault continues is indeterminate 
but must be as much as 15 miles as it must pass between the well that 
encountered granite beneath Cretaceous strata about 12 miles east 
of Durant and the well that passed from Cretaceous strata into sedi- 
ments of the facies characteristic of the Ouachita Mountains about 
5 miles farther southeast (Fig. 1). 

Strata of the facies characteristic of the Ouachita Mountains have 
been encountered beneath the Cretaceous rocks of the Coastal Plain 
in wells located about 6 miles west of Denison, Texas. The Choctaw 
fault has been placed immediately west of those wells by Miser and 
Sellards.* Therefore, the Choctaw fault must bend rather sharply 
westward somewhere southeast of the area in which gravity deter- 
minations were made, and a large reéntrant in the fault and the facies 
of rocks east of it must lie between Denison and Atoka. The exact 
location of the fault in that belt is indeterminate as neither data from 
gravity observations nor from wells are available. 

It is probable that the relationship between the Choctaw fault and 
the south flank of the Tishomingo anticline is similar to that between 
the Choctaw fault and the north flank of the anticline. The anticline 
is bounded on the south by a fault similar to the one that forms the 
north boundary. According to subsurface data supplied by H. L. 
Griley® the south fault of the Tishomingo anticline continues to a 
point about 1o miles north-northwest of Durant and probably con- 
tinues southeastward through and beyond Durant. On the basis of 
these data and the pattern of the iso-anomaly lines the reéntrant in 
the Choctaw fault is assumed to be essentially symmetrical (Fig. 1). 

Robert H. Dott!® has shown that there were two periods of folding 


8 H. D. Miser and E. H. Sellards, ‘“Pre-Cretaceous Rocks Found in Wells in Gulf 
Coastal Plain South of Ouachita Mountains,” Bull, Amer. Assoc. Petrol. Geol., Vol. 15, 
No. 7 (July, 1931), p. 807. 

° H. L. Griley, oral communication, 


1° R, H, Dott, op. cit., pp. 595-96. 
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on the Tishomingo anticline. The earlier folding occurred during 
the time of deposition of the Atoka formation of Pennsylvanian age. 
As the Atoka formation is conformable with underlying Pennsylvanian 
strata in most of the area east of the Choctaw fault, it is apparent 
that uplift on the Tishomingo anticline preceded the deformation of 
the Ouachita Mountain region and formation of the Choctaw fault. 
It appears probable, therefore, that the granite core of the Tisho- © 
mingo anticline served as a buttress that either retarded the north- 
westward thrusting along a part of the Choctaw fault or elevated 
that segment so high that pre-Cretaceous erosion produced the reén- 
trant in the Choctaw fault. Late Pennsylvanian uplift of the Tisho- 
mingo anticline described by Dott" occurred after the formation of 
the Choctaw fault, which is believed to have taken place in middle 
Pennsylvanian time. Later uplift of the retarded or uplifted part of 
the overthrust side of the Choctaw fault would only have served to 
increase the depth of the reéntrant. 

In conclusion, it may be stated that the gravity anomalies com- 
puted by the Coast and Geodetic Survey from their recent gravity 
determinations in southeastern Oklahoma show that the Choctaw 
fault has a deep southeastward-trending reéntrant coincident with the 
granite core of the Tishomingo anticline on the lower side of the fault. 


 Ibid., pp. 596-97. 
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ISOPACHOUS STUDIES OF ELLSWORTH TO 
TRAVERSE LIMESTONE SECTION OF 
SOUTHWESTERN MICHIGAN! 


MARGARET STEARNS BISHOP? 
Cassopolis, Michigan 
ABSTRACT 


The current wildcatting campaign in southwestern Michigan has revealed many 
irregularities in the interval between the “Red Rock” horizon at the base of the Cold- 
water formation of Mississippian age, and the Traverse limestone of Devonian age. It 
i “1e purpose of this paper to analyze these irregularities, and toward this end various 
ssupachous maps and cross sections have been prepared. The results and conclusions 
derived from these studies are summarized as follows. 

Regionally, the “Red Rock” to Traverse limestone interval thickens toward the 
west and northwest, due primarily to thickening of the Ellsworth formation, and pos- 
sibly due to some thickening.of the Antrim formation in these directions. Locally, the 
thickening off structure, which takes place throughout the complete section between 
the Traverse limestone and the Coldwater “Red Rock,”’ tends to prevent minor struc- 
tural or topographic irregularities on the surface of the Traverse limestone from being 
reflected in the overlying beds, and to minimize in the younger beds the degree of dip 
off the flanks of the larger structural features. 

Evidence for the existence of an Ellsworth basin in southwestern Michigan is fairly 
definite, and the possibility that such a basin may have existed during the deposition 
of the Antrim formation is suggested. 

Michigan has long been referred to as a synclinal basin, the center 
of the depositional basin being roughly the center of the lower penin- 
sula. The results of recent drilling in southwestern Michigan suggest 
that in this part of the state a minor basin existed within the major 
basin probably from the end of Traverse (Devonian) time to the begin- 
ning of Coldwater (Mississippian) time. This basin became apparent 
from isopachous studies of the Ellsworth-Antrim section. The section 
studied comprises the group of shales lying between the Traverse 
limestone and the Coldwater “Red Rock.” 

Overlying the massive Traverse limestone in southwestern Michi- 
gan is a 60-foot section of gray shale which has been commonly re- 
ferred to the Traverse formation. However, Hake and Maebius (1)! 
exclude this transition zone from the Traverse proper. Because it is 
largely composed of rock not of Traverse type they refer to the shale 
as a transition zone between the Traverse group and the Antrim 
formation, but do not more definitely place it in geologic time. The 
presence here and there of black stringers of shale at the base of this 
zone leads the writer to believe that the shale is more closely related 


to the Antrim formation above than to the Traverse limestone below. 
1 Read before the Association at Chicago, April 11, 1940. Manuscript received, 
July 1, 1940. 
2 Consulting Geologist, Bishop & Bishop, 203 S. East St. 
3 References indicate Bibliography at end of article. 
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Evidence of erosion (2) and weathering at the top of the limestone in 
southwestern Michigan further suggests a break between the lime- 
stone and shale periods of deposition, whereas the lenses of black shale 
interspersed in the upper parts of the gray shale indicate that no 
important hiatus occurs between the gray shale and the Antrim for- 
mation above it. 

The Antrim formation is a black fissile shale 150-200 feet thick. 
Above the black shale is a zone of brown shale, which is followed by a 
series of alternating beds of green and brown shale, and finally by the 
Ellsworth greenish gray shale. The alternating beds of green and 
brown shale cause much confusion in determining the exact contact 
between the Ellsworth and Antrim formations, for aside from color 
the characteristics of the shale are similar. 

The Ellsworth formation, which ranges from 250 to 700 feet in 
thickness, is delimited at the top by the red argillaceous dolomite 
which marks the base of the Coldwater formation according to present 
terminology. In some places the red dolomite is probably the weath- 
ered surface of the Ellsworth itself, but in other places it represents 
the reworked Ellsworth débris deposited by encroaching waters of the 
Coldwater sea. 

In the lower part of the Coldwater formation red shale lenses of 
erratic vertical and horizontal distribution are present. These lenses 
appear to be more numerous on the eastern side of the area studied as 
well as off the flanks of structures, suggesting that duplication is due 
to gradual encroachment over islands which furnished source material 
after the lower surfaces had been covered. Above this red zone is a 
deposit of gray shale ranging in thickness from zero in the southwest- 
ern part of the area which is beyond the outcrop to 1,000 feet where it 
is fully present in northeastern Kent County. 

The age of the group of shales between the Traverse limestone and 
the Coldwater ‘Red Rock”’ is still an unsettled problem. Ulrich (3) 
is said to have placed the beginning of the Mississippian period within 
the upper part of the Antrim black shales. Lane (4), however, placed 
the contact between the Mississippian and Devonian periods at the 
top of the Bedford, a formation which is missing in western Michigan, 
but which occupies in the eastern part of the state the same relative 
stratigraphic position as the Ellsworth. Ehlers (5) in view of recent 
information suggests that both the Antrim and Ellsworth may belong 
in the Devonian period. 

Further paleontological studies are necessary before the question 
can be definitely settled, but on the basis of lithology alone the Ells- 
worth and Antrim appear to be closely related, and it is difficult to see 
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how a major break, such as that between the Mississippian and De- 
vonian periods can have taken place within this shale series. 

Since the black color of the Antrim is due principally to the pres- 
ence of mascerated organic material its gradual appearance and dis- 
appearance suggest a cycle of climatic changes during the deposition 
of the shale series. The transitional gray shale overlying the Traverse 
limestone may represent deposition during a cold, or a dry climate. 
With gradual increase in both humidity and temperature, vegetation 
became available for deposition with the muds, giving the Antrim its 
characteristic black or brown color. A period of increased aridity, 
during which the greenish gray Ellsworth shales were laid down, cul- 
minated in a withdrawal of the sea. Weathering and erosion followed, 
giving rise to widespread oxidation of the exposed Ellsworth forma- 
tion. With the beginning of Coldwater time, southwestern Michigan 
was downtilted toward the northeast, and the minor basin lost its 
identity. From the northeast the Coldwater sea transgressed upon 
the exposed Ellsworth, incorporating its oxidized débris in the basal 
member of the Coldwater formation. 

In central and eastern Michigan the Berea sandstone and Sun- 
bury black shale were deposited between the Bedford, stratigraphic 
equivalent of the Ellsworth, and the Coldwater formation. These for- 
mations are mentioned because the Sunbury overlaps the Ellsworth 
in the northeastern and eastern part of the area studied. The Berea 
sandstone is not present, although a dolomitic phase of the upper 
Ellsworth has been referred to as ‘“‘Berea” where it produces gas. 

For the original study two isopach maps were made. The interval 
between the top of the red argillaceous dolomite, or Coldwater “Red 
Rock” and the top of the Traverse limestone was used for one, and 
the interval between the base of the Coldwater ‘‘Red Rock” and the 
top of the Antrim black shale was used for the other. 

The isopach map of the Ellsworth formation was made in order to 
determine, if possible, whether the variations in thickness occurred in 
the Antrim, in the Ellsworth, or in both. It was found that both 
locally and regionally the major variations in thickness occur within 
the Ellsworth, with a suggestion of regional thickening within the 
Antrim formation as well. However, since samples were not. available 
for Antrim correlations, and since the variations fall within a 50-foot 
range, this apparent thickening of the Antrim may be due to incon- 
sistencies in determining the contact. Only the interval map of the 
whole shale series has been used for this paper because the top of the 
Antrim is too poor a key horizon for any conclusive deductions. The 
contouring of the two maps was so similar that the inclusion of both 
appears unnecessary. 
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On the “Red Rock” to Traverse limestone isopach map, the direc- 
tion of thickening is toward the north and northwest, in contrast to 
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Fic. 2.—Index map of southwestern Michigan, showing locations of 
geological cross sections 


the northeasterly direction of thickening which would be expected 
had the center of the depositional basin always been near the center 
of the lower peninsula. 

The northeasterly direction of thickening for formations above the 
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Fic. 3.—Section AA, northeast-southwest cross section of southwestern Michigan referred to sea-level. 
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Fic. 5.—Section BB, east-west cross sectior¥through T. 3 N., R. 9-16 W., referred to 
sea-level, showing Coldwater ‘Red Rock’’ to Traverse limestone formations. 
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Coldwater “Red Rock” is well shown in section AA. This cross sec- 
tion, in which sea-level has been used as the datum plane, shows the 
entire group of formations from the Traverse limestone to the surface. 
It illustrates the loss by outcrop of the Michigan series, Bayport, and 
Marshall formations progressively toward the southwest, as well as 
the thinning of the Coldwater formation in the same direction. Section 
A’A’, in which the top of the Coldwater “Red Rock” has been used 
as a datum plane, shows only the thickness of the formations below 


37_38___ 39 40 4 424344 45 46 47 48 _ 49 50 Sto 
COLDWATER RED ROCK 


ELLSWORTH 200 


+ 400 


ANTRIM 


b600 
TRay, 
ERSE 
SHA 
IMESTonE 
5 10 MILES 


Fic. 6.—Section B’B’, east-west cross section through T. 3 N., R. 9-16 W., re- 
ferred to top of Coldwater “Red Rock,” showing thickness variations between Cold- 
water “Red Rock” and Traverse limestone. 


the “Red Rock.” It is apparent that the greatest amount of thickening 
for these lower formations occurs between Monterey Township (T. 
3 N., R. 13 W.), Allegan County, and Walker Township (T. 7 N., R. 
12 W.), Kent County. 

Cross sections BB and CC are east-west sections traversing Town- 
ships 3 and 4 North, respectively, sea-level being the datum plane. 
Sections B’B’ and C’C’ traverse the same area, but are based on the 
top of the Coldwater ‘Red Rock” as a datum plane. These latter 
sections illustrate the thinning between the ‘““Red Rock” and Traverse 
limestone in an easterly direction. Sections BB and CC show how the 
present direction of regional dip has been reversed with reference to 
the direction of thinning for the Coldwater “Red Rock” to Traverse 
limestone group of formations. 
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Fic. 7.—Section CC, east-west cross section through T. 4 N., R. 9-16 W., referred 
to sea-level, showing Coldwater “(Red Rock” to Traverse limestone formation. 


Northwest-southeast troughs, showing exceptional thicknesses of 
shale, occur in eastern Ottawa, in western Ottawa, and in north- 
central Allegan counties. The origin of these narrow troughs is uncer- 
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tain, but their existence at the end of Traverse limestone deposition is 
probable. At least for the troughs in Allegan and eastern Ottawa coun- 
ties enough detail is available to ascertain that local thickening oc- 
curred not only in the Ellsworth, but also in the Antrim, and in the 
transitional gray shale zone below the Antrim. 
The troughs may represent local erosional valleys, the steep slope 
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Fic. 8.—Section C’C’, east-west cross section through T. 4 N., R. 9-16 W., re- 
ferred to top of Coldwater ‘Red Rock,” showing thickness variations between Cold- 
water ‘Red Rock” and Traverse limestone. 


off barrier reefs, or structural synclines, depending on the interpreta- 
tion of the physiographic or structural features present on the Trav- 
erse limestone surface. It is significant that these major troughs 
flank the more pronounced “highs” on the limestone, and in the 
writer’s opinion erosion has played an important part in emphasizing 
the presence of these low areas. 

The presence of the troughs somewhat complicates interpretation 
of the isopach map, but it is apparent that from a regional standpoint 
thickening is present toward the north and northwest, even if the 
troughs are disregarded in the interpretation. 
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Newcombe (6) published an isopach map in 1933, showing the 
deepest part of the Ellsworth depositional basin to be in northwestern 
Michigan. The present study has not extended far enough north to 
determine the relationship between the deep troughs of southwestern 
Michigan and the basin on the northwest. Newcombe shows 600 feet 
of Ellsworth in the deepest part of the northwestern basin, whereas 
650-700 feet are reported in recent wells in eastern Ottawa County. 
In areal extent, however, the northwestern basin is the more impor- 
tant. 

On the same isopach map, in which Newcombe uses the Bedford 
section of eastern Michigan as comparable with the Ellsworth of 
western Michigan, a barrier is shown trending in a north-northeast- 
erly direction, through central Michigan. Whether or not this barrier 
existed before Ellsworth time can not be determined at present. How- 
ever, the fact that the transitional gray shale zone, lying above the 
Traverse limestone, is discontinuous toward the east suggests that a 
low barrier originated at the end of Traverse limestone deposition, 
becoming gradually more pronounced throughout Antrim-Ellsworth 
time. 

The effect of the barrier on local accumulation in southwestern 
Michigan is not apparent at present. No oil has been discovered on 
the barrier itself, although it is now being tested by a few wells. Struc- 
tures flanking the barrier, being closer to known production, are re- 
ceiving more extensive exploration, and may result in discoveries be- 
fore the end of the year. Production which has been discovered lies 
within the minor basin, in areas having a thinner “Red Rock” to 
Traverse limestone interval than the surrounding territory. Thus the 
isopach map serves a useful purpose in the search for new oil fields, as, 
in general, the areas of thin interval are regarded as most favorable 
for prospecting. 

Thickening of the shale series off structure is sufficient to prevent 
minor structural or topographic irregularities on the surface of the 
Traverse limestone from being reflected in the more shallow over- 
lying beds, and to minimize in the younger beds the degree of dip off 
the flanks of the larger structural features. For this reason, no key 
horizon above the Traverse limestone can be relied on to reflect 
structures in the Traverse. The use of the isopach map, in conjunction 
with a subsurface map contoured on the Traverse limestone, has been 
found helpful in overcoming this difficulty. For example, some wells 
which appear low on the Traverse subsurface map have shown enough 
shortening of interval to be the forerunners of a discovery. Other wells, 
located in the troughs, have been sufficiently high on the “Red Rock” 
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to cause unwarranted optimism among operators who had no isopach 
map for reference. Even with the use of the isopach map unpredictable 
irregularities in interval will continue to be found. Geologists in south- 
western Michigan have the problem of an unconformable surface at 
the top of the Traverse limestone, and an even more apparent uncon- 
formity at the top of the Ellsworth formation. It is only by virtue, 
therefore, of the low cost of wildcatting that southwestern Michigan 
remains an attractive prospecting area. 


WeELts UsEp In GEOLOGICAL Cross SECTIONS 


Well Number State Permit 
on Section Number Sec. r. R. County 
A I 6,126 10 4S. 18 W. Berrien 
2 540 II 3S. 17W. Berrien 
3 7,083 I 3S. 17 W. Berrien 
4 5,906 28 2S. 16 W. Van Buren 
5 5,686 16 2S. 16W. Van Buren 
6 2,230 II 2S. 16 W. Van Buren 
7 6,352 36 1S. 16 W. Van Buren 
8 6,769 29 1S. 15 W. Van Buren 
9 5,889 14 1S. 15 W. Van Buren 
10 6,000 12 1S. 15 W. Van Buren 
II 6,195 6 1S. 14 W. Van Buren 
12 5,314 32 1N. 14 W. Allegan 
13 6,176 27 iN. 14 W. Allegan 
14 5,071 14 IN. 14W. Allegan 
15 7,056 2 1N. 14W. Allegan 
16 4,757 25 2N. 14W. Allegan 
17 6,200 6 2N. 13 W. Allegan 
18 6,409 29 3 N. 13 W. Allegan 
19 5,128 16 3 N. 13 W. Allegan 
20 4,992 16 3 N. 13 W. Allegan 
21 4 3 N. 13 W. Allegan 
22 4,585 27 4N. 13 W. Allegan 
23 ; 6,471 22 4N. 13 W. Allegan 
24 6,744 14 4N. 13 W. Allegan 
25 5,952 2 4N. 13 W. Allegan 
26 6,441 25 5 N. 13 W. Ottawa 
27 4,928 14 5 N. 13 W. Ottawa 
28 6,340 6 5 N. 12 W. Kent 
29 6,529 31 6N. 12 W. Kent 
30 6,135 21 6N. 12 W. Kent 
31 5,207 32 7 N. 12 W. Kent 
22 6,985 I 7N. 12 W. Kent 
33 6,260 16 8N. 11 W. Kent 
34 2,253 4 8 N. 11 W. Kent 
35 4,835 35 oN. 11 W. Kent 
A 36 3,496 2 10N. gW. Kent 
B 37 6,814 12 3 N. 16 W. Allegan 
38 6,854 8 3N. 15 W. Allegan 
39 5,538 10 3 N. 15 W. Allegan 
40 5,064 10 3N. 14 W. Allegan 
41 5,716 12 3N. 14 W. Allegan 
42 4,979 5 3 N. 13 W. Allegan 
43 5,106 4 3 N. 13 W. Allegan 
44 45935 3 3.N. 13 W. Allegan 
45 5,026 I 3 N. 13 W. Allegan 
46 5,378 8 3 N. 12 W. Allegan 
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WELLs UsEpD IN GEOLOGICAL Cross SEcTIONS—Continued 


Well Number State Permit 
on Section Number Sec. r. R. County 

47 886 13 3 N. 12 W. Allegan 
48 6,661 14 3 N. 11 W. Allegan 
49 6,959 13 3 N. 11 W. Allegan 
50 5,555 14 3N. 10 W. Barry 

51 5,806 19 3N. 8W. Barry 

52 5,408 13 4N. 16 W. Allegan 
53 5,795 15 4N. 15 W. Allegan 
54 5,539 7 4.N. 14W. Allegan 
55 6,417 9 4N. 14W. Allegan 
56 7,031 10 4N. 14W. Allegan 
57 6,457 12 4N. 14W. Allegan 
58 4,552 7 4N. 13 W. Allegan 
59 4,351 8 4N. 13 W. Allegan 
60 3,038 9 4N. 13 W. Allegan 
61 6,225 be) 4N. 13 W. Allegan 
62 5,704 10 4N. 13 W. Allegan 
63 6,276 II 4N. 13 W. Allegan 
64 6,233 8 4N. 12 W. Allegan 
65 3,823 be) 4N. 12 W. Allegan 
66 5,156 15 4N. 11 W. Allegan 
67 6,191 4N. 10 W. Barry 

68 5,990 2 4N. 10W. Barry 

69 7,472 5 4N. 9W. Barry 

70 6,637 3 4N. W. Barry 
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WATER CONES AND WATER SHEATHS IN 
EXPERIMENTAL OIL WELLS' 


F. B. PLUMMER? anp H. K. LIVINGSTON 
Austin, Texas, and Chicago, Illinois 
ABSTRACT 


The method of formation, shape, and characteristics of water cones and water 
sheaths, which form around experimental oil wells producing oil and water, are de- 
scribed, illustrated, and the effect of these features on the percentage of oil produced 
with the water illustrated graphically. It is demonstrated that the presence of water 
sheaths and cones tends to increase the proportion of water produced with oil. Three 
ways of reducing the vertical and lateral penetration of water into sand around experi- 
mental wells are discussed and illustrated. The relative effects of the three methods are 
shown, and the conclusion is reached that the percentage of oil can be increased and 
water production reduced by applying physical and chemical principles. 


INTRODUCTION 


Oil is associated with water in most oil fields, and in all water-drive 
oil reservoirs the oil wells begin to produce water sooner or later. The 
amount of water usually increases rapidly, especially in marginal wells, 
and after a few months the wells produce much more water than oil, 
even where it is known that at least 50 per cent of the pore space in 
the sand is still filled with oil. One would expect, without considering 
capillary effects and interfacial tension relationships between oil, 
water, and sand, that a fine-grained and uniform oil sand, completely 
penetrated by a well and having oil under pressure filling the upper 
half of the sand body and water under the same pressure filling the 
lower half, would yield the two liquids in about equal quantities. Or, 
at least, if the viscosity of the oil and the water were about the same, 
one would expect the well would yield about 50 per cent oil and 50 per 
cent water. As a matter of fact, laboratory experiments indicate that, 
under such conditions, and after the well has produced rapidly for 
some time, the yield will be more than go per cent water and less 
than 10 per cent oil. The reason for this high water ratio is thought to 
be the formation of water cones around the periphery of the well, 
and several methods of reducing the rapid penetration of water have 
been suggested. The problem of reducing the percentage of water 
produced with oil from marginal wells, however, is so important, that 
it has been thought worth while to make a study of radial flow of oil- 
water mixtures through sand with special reference to water ratios 
under different rates and methods of flow and with special reference 

1 Presented before the Association at Chicago, April 12, 1940. Manuscript received, 
June 13, 1940. 

2 The University of Texas. 

3 University of Chicago, formerly Shell Research Fellow, The University of Texas. 
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to the characteristics of water cones and water sheaths. The results 
of this experimentation are described in the following paragraphs. 


CAUSES OF HIGH WATER RATIOS IN OIL WELLS 


The researches of Wilde (25), of Muskat and Wyckoff (13), of 
Wilde and Moore (24), and of others (9, 20) show clearly that when 
water and oil in the same sand are produced through a single well an 
increase in the rate of production increases the percentage of water due 
to the formation of a water cone around the periphery of the well. 
Water flows through the cone, and oil is excluded from the cone (Fig. 
1). The results of the investigations of Garrison (6), of Bartell and 


A 


Fic. 1.—Vertical cross section through 2 cores: A, unconsolidated oil sand through 
which mixtures of oil and water have been flowing for more than 200 hours; B, lime- 
stone. Dark portion shows position of oil; light portion, position of water. Line C marks 
water-oil interface. Note cone shape of interface. 


Miller (1, 2), of Plummer, Hunter and Timmerman (17), and those of 
Livingston (10) indicate that, in a very fine-grained sand with slow 
rates of flow, water produced with the oil tends to be drawn into the 
oil sand around the periphery of the well and around the periphery of 
the cone by capillary or wick action and forms a sort of water sheath 
between the oil and the well (Fig. 2). This tendency for sheath forma- 
tion is particularly strong during shut-down periods, while a column 
of fluid is standing in the hole, and where water separates out below 
the oil in the bottom of the well. A sheath may form slowly, however, 
even during production, whenever water in the bottom of the well is 
in contact with the face of the oil and and when the reservoir pressure 
is low. Once a water sheath is formed around a producing well, water 


* The numbers in parentheses refer to papers listed at the end of this article. 
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coming from the oil sand flows through the sheath, and oil tends to be 
excluded, just as in the case of a water cone. This action is due to the 
differences in interfacial tension between water and silica and that 
between oil and silica. The interfacial tensions between fluids and 
solids can not be measured directly. Accordingly, one is forced to rely 
upon the interfacial tensions between oil and water in studying the 
relative effectiveness of different waters to displace oil from capillary 
spaces. The interfacial tension between oil and water has been meas- 
ured by Hocott (7) and by Livingston (11). The capillary force that 


Fic. 2.—Vertical cross section of oil-sand core 
through which mixtures of oil and water have been 
flowing intermittently. Dark portion represents oil; 
light portion represents water. Note that water has 
penetrated sand around central hole and produced 
water sheath. 


draws the water into the sand depends upon the size of the capillary 
spaces in the sand, the difference in density between the two liquids, 
and upon the sizes of the contact angle between the fluids and the 
rock surfaces (6, 3, 5). The contact angle, that is, the angle that the 
interface between the fluid phases makes at a solid surface, is a cri- 
terion of the degree to which a liquid will wet a solid. Thus, when a 
drop of oil is placed on a glass plate, it spreads out into a thin film; 
when a drop of water is substituted for the oil on the glass plate, it 
stands out as a small spherical droplet. In very fine capillary inter- 
spaces, and when assisted by some back pressure due to the head of a 
column of fluid in a well, this difference in wetting capacity, usually 
referred to as interfacial tension or capillary force, is sufficient to draw 
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water back into the sand around an oil well (6). If a well is producing 
rapidly and if the pore spaces in the sand are large, so that some of the 
voids are larger than capillary sizes (0.025 mm.), pinching of the well 
will reduce the size of the cone and will bring about a reduction of the 
percentage of the water. If the pore spaces are all very fine, as is char- 
acteristic of most fine-grained oil sand, then the water cone is held up 
in the sand by capillary forces and will not recede, and a further reduc- 
tion in the rate of flow will not decrease the percentage of water to its 
original ratio. Slow production and shut-downs allow more time for 
oil and water to separate out in the well, hence fluid columns in the 
well become heavier, back pressure is increased, and the water sepa- 
rated out in the bottom of the column penetrates farther into the oil 
sand. Hence, whether an oil well produced rapidly or slowly, the per- 
centage of water produced with the oil increases as long as water con- 
tinues to penetrate laterally or vertically into the oil sand. 


APPARATUS FOR EXPERIMENTAL WORK 


The apparatus used for the study of water cones consists of five 
brass cylinders 7X15 inches in diameter, having flanged tops and 
connected with each other by three side tubes (Fig. 3). Each cylinder 
is connected also by means of manifolds with a compressor and with 
manometers. The pressure is controlled by means of regulators and a 
mercury relief valve. Brass pipes lead through the bottom and top 
plates into the interior of the cylinder (Fig. 4), and they may be 
connected with radial core holders (Fig. 5) in which the sand cores 
are securely sealed. The apparatus is so arranged that the fluid inside 
the cylinder flows rapidly through the sand in the core holders into 
the central hole or ‘‘well,’’ which is inside the core, and then out 
through the tubing that connects the core holders with the outside 
of the cylinders. The tubing attached to the core holders can be either 
screwed into the openings in the bottom of the cylinders in experiments 
where downward withdrawal is desired or into the opening through 
the cover plate of the cylinders when upward or normal withdrawal 
of fluid is preferred. The fluid, as fast as it is produced and measured, 
is returned to the cylinders through the funnel in the top plate of the 
cylinder by opening and closing the proper valves. In this way the 
fluid levels are kept approximately the same in the cylinders at all 
times during the experiments. It has been possible by means of this 
apparatus to study the flow of oil-water mixtures through oil sands, 
to observe the effects of different water cones and water sheaths on 
the percentage of water produced, to study the effect of different 
detergent chemicals on water cones, and to compare water ratios in 
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Fic. 4.—Cross section through cylinder of radial flow apparatus showing position 
of oil sand and arrangement of flow tubes for downward withdrawal of fluids. 
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a 


Fic. 5.—Core holders in which oil sand is sealed: a for consolidated sands; 6 for unconsolidated 
sands. Cylinder of fine (200-mesh) screen is placed inside perforated brass cylinder (6). 
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wells where the fluid was withdrawn downward with normal flows 
where the wells were produced upward. 


EXPERIMENTAL WORK ON WATER RATIOS 


Water ratios from fine-grained, unconsolidated sand under different 
rates of fluid production.—The core holders (Fig. 5) were filled with 
dry, water-free sand composed of grains between 0.0029 and 0.0035 
inch (0.074 and 0.088 mm.) in diameter. The sand was saturated with 
oil, compressed in the core holders, and placed in the cylinders. The 
core holders were attached so that the fluid flow would be upward. 
The cylinders were then filled with a mixture of oil and water in such 
a way that the lower half of the sand was immersed in water and the 
upper half in oil. The oil came from the Salt Flats oil field near Luling, 


TABLE I 
a Permea-_ Reser. Fluid Time Total Percentage 
No. bility, Press., Prod., Elapsed, Time Oil at Water oo 
 Milli- Lbs. per’ Cc. per Hrs. Elapsed, Endof at End 
darcys Sq. In. Min. Drg. Run Run of Run 
12 2.41 oe 1.8 2 2 7° 30 Upward 
with- 
drawal 
12 2.41 12 14 154 843 
12 2.41 1.8 164 303 15 85 
12 2.41 5.0 100 I 31 5 95 
Shut down for 78 Hours 
12 2.41 1.0 2.3 18 111} 9 QI 
12 2.41 3.2 7 1183 12 88 . 
Shut down for 3 Months, 23 Days 
12 2.41 4.9 125 4 2,879 2 98 5 
12 2.41 2.16 90 H 2,880 6.8 93-2 


Texas, and had a gravity of 0.838 and viscosity of 8.25 centistokes at 
29°C. The water was from the same field and had a gravity of 1.017 
at 21°C. Air pressure was turned on the cylinders, and the oil and 
water obtained at different rates of flow were carefully measured. At 
first the well was allowed to flow under a differential pressure of one 
pound per square inch for 31 hours. The rate of flow was 1.8 cc. per 
minute. The percentage of oil was 15 per cent and that of water 85 
per cent. The pressure in the reservoir was then increased to 5 pounds 
per square inch. The rate of flow increased to 100 cc. per minute, and 
at the end of one hour the percentage of oil was 5 per cent and that of 
water 95 per cent. The well was then shut down for 78 hours and pres- 
sure reduced once more to one pound. After 7 hours of flow the rate of 
production was 3.2 cc. per minute, of which 12 per cent was oil and 
88 per cent water. The complete production data are shown in Table I. 
The sand core was removed from the apparatus, sliced vertically 
through the center, and the water-oil contact in the sand observed. A 
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large water cone occupying the greater part of the sand around the 
“well” was clearly visible (Fig. 1). 

It is clear from this experiment, as well as from experience in the 
oil fields, that increased rate of production increases the percentage of 
water produced with the oil by increasing the height of the water cone, 
and that after the increase has taken place shutting in the well does 
not reduce the water cone to its original level. 

Water ratios from fine-grained, porous limestone under different rates 
of fluid production.—Cores of fine-grained, odlitic limestone were fitted 
into the core holder in such a way that the flow of fluids would be 
upward. The limestone cores were saturated with oil and immersed 
in the cylinders in such a way that the oil-water contact in the cyl- 
inders stood exactly halfway up the core., The same oil and water was 


TABLE II , ' 
Permea- Reser. Fluid Time Total Percentage 
Sam. bility, Press., Prod., Elapsed, Time Oil at Water Dimas 
No. Milli- Lbs. per Cc. per Hrs. Elapsed, Endof at End 
darcys Sq. In. Min. Drg. Run in Hrs. Run of Run 


14 2.41 42.5 1.94 9 vi 72 28 Upward 
with- 
drawal 

14 Ké 42.5 1.95 7 14 46 54 

14 2 48 3-10 6¢ 204 5 95 “ 

14 48 5.00 5 25% 3.8 96.2 
Shut down 78 Hours 

14 47 6.00 13 103 2 98 $ 
Shut down 4 Months 

14 40 7-70 3h 3,0319 ° 100 


used as in the previous experiments. The pressure maintained on the 
cylinders was 48 pounds per square inch. The ratio of flow of oil and 
water through the cores at the end of 25 hours of continuous produc- 
tion was 5 cc. per minute. The percentage of oil was 3.8 and that of 
water was 96.2. After 78 hours the fluid flow was 5 cc. per minute, 
and the percentage of oil was 2 and that of water 98. At the end of 
four months the rate of production with a reservoir pressure of 40 
pounds per square inch was 7.7 cc. per minute, the percentage of oil 
was zero and that of water 100. The complete data are given in 
Table II. 

The limestone core was removed then from the core holder, washed 
quickly, and cut longitudinally into two sections by means of a car- 
borundum saw. Except for a thin band at the top of the core, the 
entire limestone section appeared to be filled with water, which had 
obviously risen by capillary force into the limestone and had displaced 
the oil. It was clear that a cone and sheath of water formed around 
the hole had continued to increase in size during production and during 


2172 F. B. PLUMMER AND H. K. LIVINGSTON 


the shut-down interval, until the core was nearly completely saturated 
with water and became impervious to oil, so that water only was pro- 
duced. 

Waier ratios from fine-grained sand under different modes of fluid 
withdrawal.—The core holders were again packed with fine-grained, 
water-free sand, having a grain size ranging from 0.0029 to 0.0035 
inch (0.074 to 0.088 mm.). The sand was saturated with oil, placed in 


Fic. 6.—Vertical cross section through 
unconsolidated, fine-grained sand in which 
fluids have flowed radially through sand and 
have been withdrawn through hole at bottom 
of core by method of downward withdrawal. 
Oil is in dark portion of core; water in light 
portion. Note oil-water interface has” been 
drawn downward into funnel-shaped form. 
Sand has been broken in removing it from 
core holder. 


cylinders, and connected with the opening in the bottom of the cylin- 
der, so that the fluid would be drawn off downward. Oil and water in 
equal quantities were added to the cylinders in such a way that the 
upper half of the core was immersed in water and the lower half in 
oil. The reservoir pressure was regulated at 1.2 pounds per square 
inch. The rate of production after 19 hours of continous flow was 9g cc. 
per minute. The percentage of oil obtained was 19.7 and that of water 
80.3. The pressure was then reduced to 0.8 pound per square inch and 
the cylinder was allowed to produce for 8 hours. The rate of flow was 
3.17 cc. per minute. The percentage of oil was 20 and that of water 80. 
The complete data obtained during the run are given in Table III. 
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TABLE III 
Permea- Reser. Fluid Time Total Percentage 
Sam. bility, Press., Prod.,Cc. Elapsed, Time  OilOb- Water 
No. Milli- Lbs. per per Min. Hrs. Elapsed, tained Obtained 
darcys Sqg.In. (Aver.) Drg. Run Hrs. (Aver.)  (Aver.) 

3 0.7 0.8 5 5 58.4 41.6 Down- 
ward 
with- 
drawal 

Apparatus Shut in for 19.1 Hours, and Pressure Increased 
3 0.7 9.00 4 24.7 80.3 
Apparatus Shut in for 44 Hours 
3 0.7 Esa 8.00 8 76 19.5 80.5 
Similar Cores after Producing Total of 18 Hours Showed 
Following Ratios 
4. 0.3 0.8 19.60 8 18 20 80 $ 


“ 


“« 


Wofter 


Downward Withdrawal 
B 


Fic. 7.—Diagram illustrating arrangement of apparatus for different modes of 
fluid withdrawal: A downward withdrawal; B upward withdrawal. Note that in A, 
water cone has formed around “well” and that in B, water cone is displaced downward 
and oil “funnel” occurs in its place. 


After the experiment had been continued for 76 hours and no further 
increase in the percentage of water had taken place, the core was re- 
moved from the core holder, sliced, and the oil-water interface ob- 
served (Fig. 6). It was found that the oil-water interface had been 
drawn downward into a funnel or inverted cone and that the oil occu- 
pied a greater percentage of the interstices in the sand in this experi- 
ment than in the sand core in which the water cone was produced by 
upward withdrawal. A comparison of the two types of interfaces is 
illustrated in the diagram (Fig. 7). It is concluded that the method of 


Ni 
N N 
Y N N 
N 
N N N 
\— 
N 
N 
N 
N 
A 


2174 F. B. PLUMMER AND Hd. K. LIVINGSTON 


downward withdrawal yields a larger percentage of oil than the up- 
ward or normal method. 

Water ratios in fine-grained limestone under different modes of with- 
drawal.—The core holders containing the unconsolidated sand in the 
apparatus were replaced by others containing fine-grained, odlitic 
limestone, which had been previously thoroughly saturated with oil. 
The pressure on the reservoir was maintained at 63 pounds per square 
inch, and the fluid withdrawal, as before, was downward. After 1923 
hours the production was assumed to be nearly constant, at the rate 
of 1 cc. per hour. The yield of oil was 21 per cent and that of water 
79 per cent. The complete data recorded during the flow period are 
shown in Table IV. At the end of the experiment the core was removed 


TABLE IV 
Permea-_ Press., Fluid Time Total 
Sam. _ bility, Lbs. Prod., Elapsed, Time Percentage 
No. = Milli- per Sq. Cc. per Hrs. Elapsed, Oil Water 
darcys In. Min. Drg. Run Hrs. 
9 2 63 4.00 7 7 80 20 
9 2 63 0.98 7.25 29.8 63 37 
9 2 63 1.00 3-7 51.7 57 43 
9 . 63 0.98 5.2 75-7 54-5 45-5 
9 2 63 °.73 5 170.5 4I 59 
9 2 63 1.00 5 192.5 21 79 


from the cylinder, sliced vertically through the center, and the water- 
oil interface observed. The interface between the oil and water was 
irregular but tended to be depressed near the center and to have a 
somewhat funnel-shaped appearance. 

Comparison of upward and downward withdrawal.—The fine-grained 
odlitic limestone cores, after producing for 100 hours or more, yielded 
2 per cent oil and 98 per cent water under a pressure of 63 pounds per 
square inch, when the fluid withdrawal was upward. The same lime- 
stone yielded 21 per cent oil and 79 per cent water when the flow was 
downward. A comparison of the results in the two different modes of 
production is shown in Table V. It is concluded from these results 
that downward withdrawals reduce capillary action around the periph- 
ery of the well and that the hydraulic forces tend to produce an oil 


TABLE V 
Permea- Press., Fluid Total Time 
Sam. bility, Lbs. Prod., Elapsed Percentage 
No. Milli- per Sq. Cc. per since Oil Water Remarks 
darcys In. Min. Beginning 
Hrs. 
9 2 62 I 192.5 21 79 Downward 
withdrawal 
14 2.2 48 522 199 2 98 Upward 


withdrawal 
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funnel instead of a water cone, and the result is that larger percentages 
of oil are produced. 
Effect of detergent chemicals on oil-water ratios——Another series of 


. fine-grained odlitic limestone cores was placed in the core holders 


and connected inside the cylinders in such a way that the fluid produc- 
tion would be downward. Then equal quantities of oil and water were 
poured into the cylinders and a pressure of 63 pounds per square inch 
was applied. The mixture of oil and water was allowed to flow through 
the cores for 267 hours, when the ratio of oil to water produced was 
15 to 85. This ratio continued to be fairly constant showing that the 
water had been drawn into the oil portion of the core as far as it was 
likely to penetrate. Then aerosol OT, a chemical that is known to have 
power to reduce markedly the interfacial tension between water and 
oil, was introduced into the water in the cylinder at a concentration 
of only 0.04 gram of aerosol per liter of water. A pressure of 63 pounds 
per square inch was then again applied to the cylinder, and the flow 
of liquids was allowed to proceed. At the end of one hour the percent- 
age of oil had risen from 15 to 38.7 and that of water had fallen from 
85 to 61.3. At the end of 100 hours production of the fluids was fairly 
constant with a yield of 68.4 per cent oil and 31.6 per cent water. 
Complete production data are given in Table VI. 


TABLE VI 
Pemea- Press., Fluid Time Total 
Sam. bility, Lbs. Prod., Elapsed, Time Percentage 
No. Milli- perSqg. Cc. per Hrs. Elapsed, Oil Water Remarks 
darcys In. Min. Drg. Run 

9 2 63 0.4 7 7 80 20 Down- 
ward 
with- 
drawal 

9 0.6 2 


63 65.6 15 85 
Shut down 1.9 Hours and 0.04 Gr. of Aerosol OT Added 
per Liter of Water to Fluids 


9 2 63 I 268.5 38.7 61.3 
9 2 63 1.38 6.6 326.1 68.4 31.6 « 
Shut in 50 Hours 
9 2 63 0.89 15.5 395-5 93-6 6.3 ’ 


Another experiment was started, using fine-grained, unconsoli- 
dated sand in place of the odlitic limestone. The sand was placed in 
the core holders, as before. The core holders were inserted into the 
cylinders and were connected so that the flow of the oil would be up- 
ward in the normal way. Equal quantities of kerosene and distilled 
water were added to the cylinder, and a pressure of one pound per 
square inch was applied. At the end of 72 hours the flow was fairly 
constant, the product being 5 per cent oil and g5 per cent water. Then 
15 grams of Ivory soap flakes were added to 7 gallons of distilled water 
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in the cylinders. The percentage of oil increased from 5 to 68, and 
that of water decreased from 95 to 32, a most remarkable result, 
shown graphically in Figure 8. The time required to produce a given 
quantity of fluid, however, was almost doubled, indicating that the 
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Fic. 8.—Graph showing effect of detergent chemical added to water on 
percentage of oil produced through sand. 


120 


permeability of the sand had been lowered. After the flow was con- 
cluded, the core was removed from the core holder and sliced. The 
water cone had disappeared (Fig. 9). In its place oil had migrated 
down into the lower part of the sand saturating a portion of the core. 
It is concluded that the interfacial tension of the water was so reduced 
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that water ceased to flow through the smaller capillary spaces. The 
percentage of oil, therefore, increased. The Ivory soap flakes were not 
successful in a mixture of oil and water obtained from the East Texas 
field, because the insoluble calcium soaps were precipitated by the 
mineral in the oil-field water. Aerosol OT and igepon AP, however, 
worked successfully and phenol to some extent. The data obtained 
when the igepon AP was used are shown in Table VII. 


Fic. 9.—Vertical cross section of oil-sand core through which mix- 
tures of oil and water have flowed for more than 200 hours and in which 
water has been treated with chemical to reduce interfacial tension. Dark 
portions are oil; light portions are water. Note that no water cone or 
sheath is present. Effect of chemical is readily seen by comparing this sec- 
tion with one in Figure 1. 
The relative effectiveness of several interfacial reducing agents to 
reduce interfacial tension between oil and water in natural oil-water 


systems is shown in Table VIII. 


CONCLUSIONS 


These experiments as a whole indicate clearly how very significant 
in oil production is the presence of water cones and water sheaths 
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TABLE VII 
Permea- Press., Fluid Time Total 
Sam. bility, Lbs. Prod., Elapsed, Time Percentage teenie 
No. Milli- per Sg. Cc. per Hrs. Drg. Elapsed, Oil Water 
darcys In. Min. Run Hrs. 

3 0.7 0.7 10.2 0.8 141.9 20 80 Down- 
ward 
with- 
drawal 

3 0.7 1.2 0.4 142.3 21 79 

Shut down 2.7 Hours and 0.01 Gram Igepon AP/1 
Added per Liter of Water 
9.7 1.4 1.4 35 65 
Shut in 19.4 Hours 

3 1.2 3-57 3-5 24.5 57-5 42.5 

3 0.7 t.2 3.85 5-3 481 46 54 = 

3 0.7 1.2 3564 4-7 70.1 50 5° 

TABLE VIII 
Interfacial Interfacial Interfacial 
Tension Mg. Added Tension Tension ! 
Chemical Used before to 60 Ce. after Lowering 
Treating Sample Treating 
Dynes/Cm. Dynes/Cm. Dynes/Cm. 
Igepon T 18 3 13 5 
Igepon AP extra 18 6 3 15 
Igepon AP extra 20 6 5 15 
Phenol 20 6 10 be) 
Aerosol OT 20 6 2:5 17.5 
Sodium hydroxide 18 6 12 6 
W. A. Orvus flakes 20 20 3 17 
Sodium (beta)-naphthalene 
sulfonate 20 I 13 7 


around the peripheries of producing oil wells. They suggest ways in 
which the formations of such cones can be controlled. It is emphasized, 
however, that all conclusions reached apply to oil sands in the labora- 
tory experiments and not to actual oil-field production. It is thought, 
nevertheless, that such fluid-flow experiments illustrate principles of 
water-cone and water-sheath behavior and the effect of detergent 
chemicals in fluid flow, which may lead to a better understanding of 
oil-sand conditions, and may possibly suggest new lines of approach 
to the solution of some of the water problems confronting production , 


engineers. 
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GEOLOGICAL NOTES 


JONES COUNTY, TEXAS, DISCOVERY! 


ORION A. DANIEL? 
Wichita Falls, Texas 


The King Oil Company’s A. E. Olson No. 1 discovery well, 14 
miles north of the Avoca pool, is located 330 feet from the north and 
west lines of the NE. } of Sec. 189, BBB&CRR Co. Survey, Jones 
County, north-central Texas. 

The well topped the so-called “‘Palo Pinto lime” at 3,204 feet and 
was drilled to a total depth of 3,236 feet, the lower part of the “pay” 
being the most prolific. The writer believes the pay zone is a reef lime- 
stone in the upper part of the Canyon series, and is not the Palo Pinto 
limestone as found in North Texas. 

The area was mapped from subsurface control on dry holes drilled 
in the vicinity of the test. The writer began taking the block in 1937, 
soon after the discovery of the Avoca pool. 

On the Railroad Commission test the well flowed 263 barrels of oil 
in 8 hours and 45 minutes through ?-inch choke. The tubing pressure 
during the test dropped from 320 pounds to 70 pounds with a gas-oil 
ratio of 400 to 1. During the last 4 hours of the test, the well averaged 
25 barrels of oil per hour. 

J. B. Lovejoy (Fort Worth, Texas).—The more or less critical prob- 
lem developed by this note does not lie in the stratigraphic position of 
the producing zone, but rather the point is that the Palo Pinto lime- 
stone, where penetrated in subsurface, is rarely coincident in character 
and thickness with the section so named in its typical locality on the 
surface. The Palo Pinto limestone is thought in itself to be of reef origin 
and has been shown to grade from a limestone of several hundred feet 
thickness to a sequence of shales and sandy shales where traced in its 
lagoonal direction of deposition. In Haskell County, recent observa- 
tion has disclosed a maximum development of 1,000 feet of limestone 
which includes the stratigraphic position of the Palo Pinto limestone 
and very nearly the thickness of the entire Canyon section. 


1 Manuscript received, October 19, 1940. 
? Consulting geologist, 928 Hamilton Building, Wichita Falls. 
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MICROSCOPIC EXAMINATION OF PERMIAN 
CRUDE OILS! 


RONALD K. DEFORD? 
Midland, Texas 


Professor W. A. Waldschmidt of the department of geology of the 
Colorado School of Mines, Golden, Colorado, is using the Sanders* 
method in studying crude oils derived from Permian rocks. Tiny 
fragments suspended in the crude petroleum are separated by means 
of an ammonium chloride filter and are examined under high magnifi- 
cation in search of animal and plant remains—spores and similar ma- 
terials—that may suggest the source and history of the oil. The data 
obtained may help to test old theories or to frame new hypotheses. 

Professor Walschmidt has already received a number of samples 
from West Texas. He needs more from widely separated places. Any 
oil man who can send him a sample of crude petroleum from Permian 
rocks or from rocks closely associated with Permian strata will be 
greatly aiding this research. 

Quart samples are desired. The main point in taking a sample is to 
avoid contamination, especially from surface materials, such as pollen 
carried by the atmosphere. Therefore, samples should never be taken 
from tanks, but should be taken as near the well-head as possible. Re- 
cently reconditioned wells should be avoided; for example, wells in 
which tubing has just been pulled and re-run. 

The quart bottles should be scrupulously cleaned before the sample 
is taken. 

The following information about the sample is needed. 


County State Field or area 
Sample taken by whom? _ Date taken? 

How taken? 

How long since well was reconditioned, tubing pulled, et cetera? 
Operator Lease and number 

Location Elevation Total depth 


Oil string set where? Cemented with how many sacks? 

Completion date 

How drilled in (with rotary tools circulating water et cetera)? 
Acidization and date Shot and date 
Production to date (rough estimate) 

Name of formation which contains producing beds 

Top and bottom of this formation 

Top and bottom of pay 


1 Manuscript received, October 26, 1940. 
2 Editor, A.A.P.G. Permian volume. 


3 J. McConnell Sanders, “Microscopical Examination of Crude Petroleum,” Jour. 
Inst. Petrol. Tech., Vol. 23, No. 167 (1937), pp. 525-73. 
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MIOCENE FISHES IN WELL CORES FROM TORRANCE IN 
SOUTHERN CALIFORNIA! 


LORE DAVID? 
Pasadena, California 


INTRODUCTION 


Although fossil fish and fish scales are abundantly preserved in 
Tertiary marine formations of California, little is known as to their 
value in stratigraphic correlation. To the present not much study has 
been made of such materials, and moreover the age limits of existence 
of the different types of fish in the Tertiary of the Pacific Coast have 
not been definitely established. The majority of Tertiary fish that have 
been described are upper Miocene in age. The Pliocene faunas, on the 
other hand, are either very incompletely known or have not been 
studied in detail. 

We take occasion in this paper to report on determinable fish fos- 
sils preserved in well cores that come from two localities in the Tor- 
rance oil field of Los Angeles County. A fossil fish from a core was col- 
lected at a depth of 4,819 feet in well No. 1 of the F.S.D.R. Oil 
Company. This well is located on Lots 7 and 8, Tract 440, Torrance, 
200 feet south of 240th Street and 500 feet east of Narbonne Avenue. 
The fish is preserved in a dark gray shale of the Modelo formation. 

Several parts of well cores were taken from the McEwen well No. 1 
of the Padran Oil Corporation, located at the northwest corner of 
253rd Street and Petroleum Avenue in the so-called D and B area of 
the Torrance Oil field (C.I.T. loc. 363). Coring was begun at 5,100 
feet and continued down to 5,300 feet. The fish-bearing sediments 
were obtained from approximately a 10-foot section of the core in the 
Modelo formation, having a position in the well from 5,193 to 5,203 
feet. No distinguishable fish remains were observed either above or 
below this section. 

Two relatively large core parts (No. 16112 U.S. Nat. Mus. Coll.) 
have a diameter of about 100 mm. One of these core samples is 15 mm. 
deep, and shows signs of fish remains throughout its depth. Two 
smaller discs of a core have a diameter of 60 mm. (Nos. 10148 and 
10149 Calif. Inst. Tech. Coll. Vert. Paleon.). 


DESCRIPTION OF MATERIAL 


A single specimen from well No. 1 of the F.S.D.R. Oil Company 
represents a member of the Lanternfishes, family Myctophidae, and 


1 Manuscript received, November 2, 1940. 
2 Divison of the geological sciences, California Institute of Technology. 
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is determined as Lampanyctus sp. It probably belongs to the same 
species as that found in the core of the McEwen well of the Padran 
Oil Corporation, and measures 62 mm. in total length. 

The following fishes are identified in the cores of the McEwen well 
in the Torrance area. 

Family Myctophidae 
Lampanyctus n. sp. 

The best preserved material on the surface of the larger core repre- 
sents three specimens of Lanternfish. One of these is nearly complete 
(Fig. 1), and measures 59 mm. in total length. Another well preserved 
specimen (tailpart) is visible on one of the smaller cores. The species 
is one which has been recognized in the fish fauna now being described 
from the lower member of the Modelo formation exposed along the 
northern rim of the Santa Monica Mountains, California. 


Myctophum sp. 

The fragmentary remains of a Lanternfish with deeper body than 
in Lampanyctus are present in another core-part. The characteristic 
scales of this family are more robust and are readily recognized in this 
specimen. They show regular circuli and 4-6 basal folds. 


Family Bathylagidae 
Bathylagus (Quaesita) angelensis Jordan and Gilbert 


On a bedding plane slightly below that on which the three Lantern- 
fishes are preserved is a specimen of an elongate flexible bathylagid 
fish referred to this species which measures 84 mm. in total length. A 
second fragmentary specimen, probably of the same form, is preserved 
in another core-part. 

Family Clupeidae 
Ganolytes cameo Jordan 


A scale of this shad-like species is preserved on one of the smaller 
core-parts (No. 10149), its diameter measuring 16 mm. Scales of 
Ganolytes are very abundant in Miocene deposits of California and a 
similar scale attributed to Pomolobus chicoensis Cockerell has been 
described from the Chico formation of Upper Cretaceous age. These 
scales have a characteristic appearance with 4-6 paired wide-spaced 
transverse grooves and more or less numerous apical and basal radii; 
the middle area of the scales between the inner ends of the transverse 
grooves is often decorated with pointed elevations.® 


3D. S. Jordan and J. Z. Gilbert, “Fossil Fishes of Southern California,” Stanford 
Univ. Pub., Univ. Ser. (1919), p. 6, Pl. IV. 
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SUMMARY 


The fishes found in the well cores of the Torrance area are marine 
bathypelagical types, and, with the exception of the scales of the shad- 
like Ganolytes, indicate deposition at a depth of 200-1,000 meters. 
Although only a few specimens were obtained from the Torrance hori- 
zon by means of coring, the fossil fish comprising this assemblage can 
be correlated with a fauna from the upper part of the Modelo forma- 
tion, as found on the northern rim of the Santa Monica Mountains. 
The Santa Monica fauna has been studied in detail and the report on 
this assemblage is now in press. It represents a small number of forms 
in which Lampanyctus n. sp. and Bathylagus (Quaesita) angelensis are 
predominant. A similar fauna is evidently available also at a locality 
in Sierra Vista (T. 1 S., R. 12 W., SE. 3, SW. 4, SE. 3 of Sec. 5, 
Alhambra Quadrangle, U. S. Geol. Survey, 1939). 

The present paper has been made possible by a grant from the 
Geological Society of America for a study of Tertiary fish faunas of the 
Pacific Coast. The writer is indebted to Dr. Chester Stock of the 
California Institute of Technology for advice and for a critical reading 
of the manuscript. 
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REVIEWS AND NEW PUBLICATIONS 


* Subjects indicated by asterisk are in the Association library and available, for 
loan, to members and associates. 


GEOLOGY AND MINERAL RESOURCES OF WASHINGTON 
COUNTY, OKLAHOMA, BY MALCOLM C. OAKES 


REVIEW BY JOSEPH L. BORDEN! 
Tulsa, Oklahoma 


“Geology and Mineral Resources of Washington County, Oklahoma,” by 
Malcolm C. Oakes. Oklahoma Geol. Survey Bull. 62 (1940). 208 pp., 18 
tables, 19 figs., 3 maps. 

As its title suggests, this volume is primarily about Washington County, 
but in reality it covers a geologic rather than a geographic unit. Work has been 
carried into adjoining counties wherever this seemed necessary, and nearly 
one-third of the area mapped lies outside of Washington County. 

Stratigraphy occupies the most important place in the volume. Seventy- 
two pages are devoted to detailed descriptions of the surface rocks, all of 
which, with the exception of a few Quaternary deposits, are within the Mis- 
souri subseries of the Pennsylvanian. The stratigraphic detail of each unit, 
usually a formation, is given fully and carefully followed by the first reference, 
the nomenclator, the type locality, the original description, a history of usage, 
the distribution, the thickness, the character, the stratigraphic relations, and 
correlations. In addition references are given whereby all measured sections 
for each unit can be easily found in Appendix B, where 136 detailed measured 
outcrop sections are listed. 

To complete the stratigraphic picture a brief résumé is given of the sub- 
surface formations from the Des Moines subseries to pre-Cambrian granite. 

A chapter describes the structure of the area and lists 17 anticlines and 
domes which were observed or have been described in print. A chapter on oil 
and gas resources lists the oil and gas pools and the important producing 
formations, and discusses future possibilities in the area. Several United States 

Bureau of Mines oil analyses are given. 

In an effort to broaden the range of usefulness of the Geological Survey’s 
publications there are 33 pages devoted to mineral resources in the area other 
than oil or gas. These range from limestone and phosphate through sulphuric 
acid to underground water. Data on 808 water wells are given. 

There are three plates in the pocket of the volume. Plate I is a geologic 
map of the area drawn on a scale of one inch to one mile. Mr. Oakes has gone 
a step beyond the usual geologic map and shows by symbol where the best 
exposures of the various rocks are located. The map also shows all drainage 
and all roads. Plate II is a composite outcrop section, while Plate III is a 
production map of Washington County reproduced without change from 
Oklahoma Geological Survey Bulletin 19, Part II (1917). 

Bulletin 62 will be greatly appreciated by all who have had any contact 
with the surface geology of northeastern Oklahoma. It is particularly helpful 
in clarifying that section in the middle Ochelata group where the sandstones 
and limestones above the Avant (Iola of Bulletin 62) limestone have long been 
confused in the minds of local geologists. 


1 The Pure Oil Company. Manuscript received, October 29, 1940. 
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It is inevitable that a few minor errors and mistakes should creep in. Mr. 
Oakes credits the writer with the discovery of an inlier of Hogshooter lime- 
stone in the SE. 3} of Sec. 17, T. 26 N., R. 13 E., near Bartlesville, whereas 
this is shown by Ohern on the unpublished maps of the Nowata-Vinita 
quadrangles. 

It is to be hoped that Bulletin 62 is the first of many volumes which will 
discuss in similar detail the geology and mineral resources of other counties or 
geologic units. 


CALIFORNIA FOSSILS FOR THE FIELD GEOLOGIST, 
BY HUBERT G. SCHENCK AND A. MYRA KEEN 


REVIEW BY ROBERT T. WHITE! 
Bakersfield, California 


California Fossils for the Field Geologist, by Hubert G. Schenck and A. Myra 
Keen. Preliminary edition (1940). 86 pp., 62 pls. Paper. Price, $2.00 
($1.03 to students). Copies for sale by Hubert G. Schenck, Box 1528, 
Stanford University, California. 


The purpose of this preliminary edition is to make available to the Cali- 
fornia geologist, for field use, a compact handbook of diagnostic Tertiary fos- 
sils, plus a few from the Upper Cretaceous and Jurassic. The dimensions of 
the book are 5} inches by 8} inches, with a spiral binding at the top. 

Plates 1-16 illustrate the morphology of a number oi different genera, and 
on many of these illustrations various morphological features of the shells are 
labelled. Plates 17-62 contain figures of faunal assemblages common to par- 
ticular formations ranging in age from Jurassic to Recent. Two hundred 
thirty-two species are figured from the Tertiary,and 24 and 1 are figured from 
the Upper Cretaceous and Jurassic, respectively. 

The fossils are cross-indexed by genera, species, and formations. On the 
last two pages is a correlation chart of the Tertiary formations from which the 
fossils were illustrated. 

The compactness of this book readily lends itself to field use. The ar- 
rangement of the fossils by assemblages, and an adequate index, should prove 
a boon to the geologist in making necessary identifications in the field. 


1 Barnsdall Oil Company. Manuscript received, October, 1940. 


GEOPHYSICAL PROSPECTING FOR OIL, BY L. L. NETTLETON 
EXPLORATION GEOPHYSICS, BY J. J. JAKOSKY 
GEOPHYSICAL EXPLORATION, BY C. A. HEILAND 


REVIEW BY PAUL WEAVER! 
Houston, Texas 


Geophysical Prospecting for Oil, by L. L. Nettleton. McGraw-Hill Book 
Company, Inc., New York (July, 1940). XI+444 pp., 177 figs. $5.00. 


Exploration Geophysics, by J. J. Jakosky. Times-Mirror Press, Los Angeles 
(July, 1940). XII +786 pp., 411 figs. $8.00. 


1 Chief geophysicist, Gulf Oil Corporation. Manuscript received, November, 1940. 
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Geophysical Exploration, by C. A. Heiland. Prentice-Hall, Inc., New York 
(October, 1940). XIII +1,013 pp., 636 figs. $10.00. 


The practically simultaneous publication of three treatises on applied 
geophysics is perplexing to this reviewer. With practical experience, both in 
the field operations and in the exposition before students and operators, he 
had been hoping for a book on applied geophysics more detailed and more 
recent than the last ones in English (Eve and Keyes, 1929, and Broughton, 
Edge, and Laby, 1931.) That three outstanding members of the profession 
should fulfill this hope, so long deferred, seems like a sudden embarrassment 
of riches. Although comparisons may be sometimes odious, a study of the 
three volumes indicates that they are all pertinent, and, although perforce 
there are many fundamental principles of geophysics of which the theory is 
repeated from one book to another, the respective authors have treated the 
application of those principles in field measurements and in interpretation, 
each in his own way, with sure, accurate, and facile language, so that each 
should appeal to a particular audience, depending upon their previous educa- 
tion and their interest in the details of instruments and interpretation. 


Dr. Nettleton states in his preface: 


The present work is intended for the student or lay reader rather than the geophysical 
specialist. . . . The book is the outgrowth of a course of lectures grown for several years 
at the University of Pittsburgh, chiefly for students in petroleum geology and petroleum 
engineering. It is designed for those with a geological rather than a physical background. 


His book is therefore one which will appeal to the petroleum geologist as 
an introduction to the subject, because of the clarity and simplicity which 
result from the demonstration of principles by the use of ideal and simple 
cases, and also because the detailed description of instruments and of field 
technique has been restricted to the types in most accepted use. To those de- 
siring to follow any particular aspect in more detail, there is appended to each 
chapter a chronological list of the literature mentioned in the text. Study 
will show that these references have been carefully selected, and they include 
the outstanding presentations of the respective subjects. 

The simplicity of treatment is successful, in part, because the comparison 
of different methods is kept in view; in part, because the treatment of field 
methods is reduced to the essential steps for each procedure. It therefore in- 
cludes all material necessary for an understanding of both the principles and 
operating methods used in geophysical work for oil companies, without con- 
sidering the modifications needed for individual regions and for special prob- 
lems. 

Dr. Jakosky has taken a broader field, and the scheme of presentation is 
somewhat different. As he states in the preface of the book: 


The chief object of this book is to describe the fundamental theories, equipment and 
field techniques of the recognized exploration geophysical methods, and to illustrate 
their application to problems of economic geology. 


The book therefore includes the geophysical survey of metallic deposits 
as well as of structures which might contain oil. The method of treatment of 
each geophysical method is to discuss the theory, the equipment, and the 
field procedure, in considerable detail, so that various alternatives are ap- 
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praised. As to interpretation, the derivation of many working formulae are 
explained, and there are illustrative examples, not only for ideal cases but also 
of particular surveys, both for oil regions and for metallic deposits. Instead 
of a bibliography, each chapter has a list of patents pertinent to the subject 
matter of the chapter. The maps showing actual field-survey results are ac- 
companied in most cases by geologic cross sections and by a short discussion 
of the results. 

Dr. Jakosky’s book therefore is of wider appeal than Dr. Nettleton’s 
because it discusses a wider field of applications, and also because it goes into 
alternative and special types of equipment and procedure. It is therefore 
written more for the specialist, and will appeal especially to those who actually 
conduct geophysical surveys. The many illustrations of equipment are well 
chosen to hold the interest of crew men and to attract the general reader. It is 
valuable therefore as a case book. 

In Dr. Heiland’s book there is a dual arrangement. Part I describes briefly 
the applications of geophysics to different economic fields, and in 64 pages 
presents: 


Written in elementary language. ... the working principles and geological ap- 
plications of geophysical methods. (Preface v) 


Nowhere has applied geophysics been described so succinctly, and every 
geologist should read this Part I. 

In Part II, each method is discussed according to a uniform plan. To 
quote the Preface again (page vi): 

First is an outline of fundamentals, followed by a description of rock properties 
and rock-testing methods. Instruments and instrument theory, as well as corrections 
and interfering factors, are reviewed next. The treatment is concluded in each case 
with a derivation of the fundamental interpretation equations and a description of 
surveys made on known geologic conditions. 


In each chapter a uniform set of symbols is used in all of the mathematical 
treatment, and the final working formulae are usually shown without showing 
every step in their derivation, except in the case of the torsion balance. This 
abbreviation has reduced the algebraic content, and has enabled a greater 
number of the formulae to be given; all who have occasion to compute or study 
computations of geophysical results will be grateful for the compilation in a 
single book of so many of these formulae and the respective graphs. 

To those interested in design of equipment, the book is also valuable as a 
reference manual. 

The illustrative cases of actual surveys are representative, and like all of 
the graphs and other figures, have been very clearly drafted, as can be ap- 
preciated especially in those drawings adapted from various original articles. 

One feature of timeliness is the consideration given to applications of 
geophysics to military engineering. It is unfortunately a duty of all geologists 
and geophysicists at this time to consider how their special experience and 
training can be applied in this field, and it is earnestly recommended that the 
respective paragraphs of the book concerning military applications be studied. 

To each of the authors we must pay tribute for the great labor which the 
books represent. Each is recognized for his past contributions to research, 
each has now gained recognition as a commentator, giving us in these books 
a recapitulation of past performance, as a guide for future field work and in- 
terpretation in geophysics. 
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RECENT PUBLICATIONS 
ALBERTA 
*“Prairies aid Foothills Have Many Inadequately Tested Attractive 
Structures,” by J. O. G. Sanderson. Canadian Oil and Gas, Vol. 1, No. 4 
(Toronto, October, 1940), pp. 8-11; 3 figs., 2 photographs. 


ARGENTINA 
*“Geological Study of the Province of Cérdoba,’”’ by H. G. Bain Lar- 
rahona. Bol. Inform. Petrol., Vol. 17, No. 192 (Buenos Aires, August, 1940), 
Pp. 13-53; 16 figs., 59 photographs. In Spanish. 


BRAZIL 

*Geological Map of Brazil and Parts of Adjoining Regions, by Avelino 
Ignacio de Oliveira. Brazilian Bur. Fuels and Minerals (Rio de Janeiro, 1938). 
One sheet in 15 colors or colored symbols, 28.5 X 27.5 inches. Scale, 1:7,000,- 
ooo. Shows oil localities. In Portuguese. 

*“Age of Calumbi Limestone (Sergipe),” by Paulo Erichsen de Oliveira. 
Brazilian Div. Geol. and Min. Avulso 19 (Rio de Janeiro, January, 1940). 12 
pp., 2 pls. of fossils. ‘A preliminary note concerning five very interesting 
fossils, collected by Dr. Aristomenes Duarte, in the upper stratigraphic mem- 
ber of the Cretaceous formations of Sergipe...’’ Various considerations 
induce the author to assign Maestrichtian age to the higher beds of the Cre- 
taceous column of Sergipe, located in the central part of the “Northern 
Petroliferous Province of Brazil.’’ In Portuguese. 

*“Geology of the Eastern Bafa Basin,” by José Lino de Melo Junior. 
Ibid., Avulso 20 (February, 1940). 12 pp., 1 map. The author separates ‘‘the 
gneiss from the Tertiary and Cretaceous sediments . . . He obtained sufficient 
evidence that the crystalline area on the eastern side of the ‘Bafa Basin’ is 
much broader than was supposed up to the present, and therefore restricted 
considerably the area of interest for petroleum researches.” 

*“Stratigraphy of Coals of San Catarina,’ by José Fiusa da Rocha e 
Evaristo Pena Scorzo. [bid., Bol. 104 (1940). 162 pp., illus. A revision of I. C. 
White’s geologic column of Gondwana formations of southern Brazil. In 
Portuguese. English summary, pp. 5-7. 


CALIFORNIA 
*“Future Oil Possibilities of Newhall-Castaic District,’’ by David Wosk. 
Oil and Gas Jour., Vol. 39, No. 23 (Tulsa, October 17, 1940), pp. 24-26; 
1 photograph, geologic map and cross section. 
*Oil Possibilities of Newhall-Castaic Area,’’ by L. David Wosk. Petrol. 
World, Vol. 37, No. 10 (Los Angeles, October, 1940), pp. 22-27; 3 figs. 


COLOMBIA 
*“The Bogota Fault, Colombia, South America,’’ by Thomas Clements. 
Jour. Geol., Vol. 48, No. 6 (August-September, 1940), pp. 660-69; 3 figs. 


EAST INDIES 

Geological Expedition to the Lesser Sunda Islands under the Leadership of 

H. A. Brouwer, Vol. 1 (1940). 348 pp., illus. Noord-Hollandsche Vitgevers 
Maatschappij, Amsterdam; Nordeman Publishing Company, New York. 
Price, $8.40. 
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GENERAL 


*“A Method for Determining the Water Content of Oil Sands,’ by D. B. 
Taliaferro and G. B. Spencer. U.S. Bur. Mines R. I. 3535 (September, 1940). 
11 multigraphed pp., 1 fig., 3 tables. 

Exploration Geophysics, by J. J. Jakosky. 786 pp., 411 figs., 23 tables. 
6 Xo inches. Cloth. “The chief object of this book is to describe the funda- 
mental theories, equipment and field techniques of the recognized exploratory 
geophysical methods, and to illustrate their application to problems of eco- 
nomic geology.”” Times-Mirror Press, Los Angeles, California. Price, $8.00. 

Sedimentary Petrography, by Henry B. Milner. 3d ed. (1940). 666 pp. 
(601 pp. of text and illus.; 13 pp. of lists of minerals; 24 pp. of bibliography; 
28 pp. of subject and author index); 100 text figs.; 52 pls., 5.5 X8.5 inches. 
Cloth. Special reference to petrographic methods of correlation of strata, 
petroleum technology, and other economic applications of geology. Thomas 
Murby and Company, 1 Fleet Lane, E. C. 4, London; Nordeman Publishing 
Company, Inc., 215 Fourth Avenue, New York City. Price, $10.00. 

*“Conservation of Oil and Its Seamy Side,” by R. E. Collom. Oil Weekly, 
Vol. 99, No. 6 (Houston, October 14, 1940), pp. 12-23; 5 photographs. 

*Annotated Bibliography of Economic Geology for 1939, Vol. XII, No. 2 
(August, 1940), pp. 177-340; petroleum and natural gas, pp. 635-791. Pre- 
pared under the auspices of the Society of Economic Geologists. Published by 
the Economic Geology Publishing Company, Urbana, Illinois. Price, $5.00 
per year. 

*Geophysical Exploration, by C. A. Heiland. 1,013 pp., 539 figs., 86 tables. 
6X9 inches. Cloth. ‘“This book is intended as a comprehensive survey of the 
entire field of geophysical exploration.’”—From the Preface. Prentice-Hall, 
Incorporated, 70 Fifth Avenue, New York City (1940). Price, $10.00. 

*“Measurements of Compressibility of Consolidated Oil-Bearing Sand- 
stones,’”’ by Charles B. Carpenter and George B. Spencer. U. S. Bur. Mines 
R. I. 3540 (October, 1940). 20 multigraphed pp., 5 figs., 1 table. 

*“Some Geological Factors Concerning Our Future Oil Reserves,’”’ by 
A. I. Levorsen. J.P.A.A. Monthly, Vol. 11, No. 7 (Tulsa, November, 1940), 
pp. 27-30; photograph. 

*Report of the Committee on the Measurement of Geologic Time, 1939-1940, 
by Alfred C. Lane, chairman, John Putnam Marble, vice-chairman, ef al. 141 
multigraphed pp. National Research Council, 2101 Constitution Avenue, 
Washington, D. C. (September, 1940). 


ILLINOIS 


Oil and Gas Map of Illinois (revised, August 1, 1940). 30X51 inches. 
Scale, 1 inch =8 miles. Three colors: black base, blue drainage, and red over- 
print showing location of oil and gas fields, pipe lines, pumping stations, and 
refineries. State Geological Survey, Urbana, Illinois. Price, $0.35. 


KANSAS 
*“Geology and Ground-Water Resources of the ‘Equus Beds’ Area in 
South Central Kansas,” by Stanley W. Lohman and John C. Frye. Econ. 
Geol., Vol. 35, No. 7 (November, 1940), pp. 839-66; 5 figs., 2 tables. 
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LOUISIANA 


*“Preliminary Report on Ground-Water Conditions at Alexandria, 
Louisiana,” by John C. Maher. Louisiana Geol. Survey Pamphlet 2 (New 
Orleans, June, 1940). 54pp., 3 figs., 1 pl., 2 tables. Prepared in codperation 
with the U. S. Geol. Survey. 


MONTANA 
*“Structure of the Pryor Mountains, Montana,” by D. L. Blackstone, Jr. 
Jour. Geol., Vol. 48, No. 6 (August-September, 1940), pp. 590-618; 15 figs., 
1 table. 
MICHIGAN 
*“Southwestern Michigan.” In “Well Logs and Field Data of Active Oil 
Areas,’”’ compiled by Oil and Gas Jour., Vol. 39, No. 24 (Tulsa, October 24, 
1940). 2 pp., geological map and log sections in colors. 


NEBRASKA 


*“Falls City Pool, Richardson County, Nebraska.” Oil and Gas Jour., 
Vol. 39, No. 23 (Tulsa, October 17, 1940), pp. 43-44; 1 location map. 


NEW MEXICO 


*“The Geology and Ore Deposits of Northeastern New Mexico,” by 
George Townsend Harley. New Mexico School of Mines State Bur. Mines and 
Mineral Resources Bull. 15 (Socorro, 1940). 104 pp., 11 figs., 3 tables, 5 pls. 
Paper cover. 6 X9 inches. Price, $0.60. 


OKLAHOMA 


“Geology and Mineral Resources of Washington County, Oklahoma,” by 
Malcolm C. Oakes. Oklahoma Geol. Survey Bull. 62 (Norman, 1940). 208 pp., 
frontispiece, 19 figs., 3 pls., 18 tables. 


SOUTH DA) OTA 


*“Western South Dakota.” First of a series in new department of '‘Well 
Logs and Field Data of Prospective Oil Areas.’’ Oil and Gas Jour., Vol. 39, 
No. 22 (Tulsa, October 10, 1940). 2 pp., geological map and 4 stratigraphic 
columns in colors. 


TURKEY 


*“Tjiscovery of Petroleum at Raman,” by Kemal Lokman. Maden Tetkikve 
Arama Enstitiisii Mecmuasi, Sene 5, Sayi 3/20 (Ankara, 1940), pp. 306-11; 
2 maps, 6 photographs, 3 tables. In Turkish; note in English, p. 311, by Cevat 
E. Tasman. 
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THE ASSOCIATION ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the 
following candidates for membership in the Association. ‘This does not con- 
stitute an election but places the names before the membership at large. If 
any member has information bearing on the qualifications of these nominees, 
he should send it promptly to the Executive Committee, Box 979, Tulsa, 
Oklahoma. (Names of sponsors are placed beneath the name of each nominee.) 


FOR ACTIVE MEMBERSHIP 


A. Nelson Sayre, Washington, D. C. 
Lloyd W. Stephenson, V. T. Stringfield, Julia Gardner 


FOR ASSOCIATE MEMBERSHIP 

John Robert Gisburne, Tulsa, Okla. 

J. B. Leiser, R. E. Shutt, W. C. Bean 
Lazard Harold Kaplan, Alexandria, La. 

H. V. Howe, Harold N. Fisk, Chalmer J. Roy 
Thomas Hughes Philpott, Shreveport, La. 

Phil K. Cochran, E. B. Hutson, Rolf Engleman 
Finis Mack Samford, Kingsville, Tex. 

Hal P. Bybee, Fred M. Bullard, Robert H. Cuyler 
Ernest Bradley Wilson, Houston, Tex. 

W. B. Milton, Jr., R. A. Stamey, Sidney A. Judson 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Kilburn Elie Adams, Tulsa, Okla. 

J. N. Troxell, V. C. Scott, H. H. Arnold, Jr. 
George Richard Carter, Midland, Tex. 

J. B. Lovejoy, B. E. Thompson, H. B. Fuqua 
Jackson Jefferson Flowers, Houston, Tex. 

O. D. Brooks, Leroy T. Patton, G. E. Bader 
George Y. McCoy, Dallas, Tex. 

Ed. Shakely, L. W. MacNaughton, Arnold S. Bunte 

(Continued on page 2199) 


PACIFIC SECTION SEVENTEENTH ANNUAL MEETING 
NOVEMBER 7-8, 1940. ABSTRACTS 
E. J. BARTOSH?! 
Los Angeles, California 


The technical sessions of the seventeenth annual meeting of the Pacific 
Section of the Association were held in the theater of the Ambassador Hotel, 
Los Angeles, California, November 7 and 8, 1940. This part of the program in- 
cluded fourteen papers and addresses arranged under the direction of E. C. 
Edwards, of the General Petroleum Corporation, chairman of the technical 
program committee. The opening address was made by L. C. Snider, of New 
York, president of the Association, whose subject was “Association Affairs 


1 Secretary-treasurer, Pacific Section of the Association, 437 South Hill Street. 
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and Membership.” The attendance on the first day was 300-350 persons and 
on the second day approximately 450 members and guests. 

At the luncheon meeting on Thursday, November 7, at 12:30 P.M., in the 
Cocoanut Grove of the Ambassador Hotel, 145 members and their friends 
enjoyed the talk of A. I. Levorsen, of Tulsa, Oklahoma, chairman of the 
Association research committee, on affairs and plans of the committee. 

The dinner dance, held in the Fiesta Room of the Ambassador on Novem- 
ber 8, was a well attended and enjoyable affair. 

At the business session, November 8, the following officers were elected 
for the new year: president, Frank S. Hudson of the Shell Oil Company, Inc., 
succeeding Albert Gregersen, of The Texas Company; secretary-treasurer 
E. J. Bartosh, of the Bankline Oil Company, re-elected. Nominations of 
candidates for Pacific Coast district representatives were made and balloting 
will be carried on by mail early in January, 1941. The present district repre- 
sentatives are H. K. Armstrong (1941), H. L. Driver (1941), and E. C. Ed- 
wards (1942). 

C. W. Johnson, of the Richfield Oil Corporation, was chairman of the 
arrangements committee. The total registration at the meeting was 372 mem- 
bers and guests. 

The Pacific Section of the Society of Economic Paleontologists and 
Mineralogists met at the Clark Hotel, Los Angeles, 6:00 P.M., November 7, 
for the annual election of officers, dinner, and program. Frank Tolman, of the 
Richfield Oil Corporation, was elected president, succeeding James M. Hamill, 
of The Texas Company, and W. T. Rothwell, Jr., of the Richfield Oil Cor- 
poration, was elected secretary-treasurer, succeeding Edward B. Fritz, of the 
Union Oil Company. The Paleontology Section was addressed by Roy M. 
Barnes, of the Continental Oil Company, on the subject “Exploration Activi- 
ties and Results in California.” 


The technical program follows. 


1. L. C. Sniper, New York: Address by National President of The 
American Association of Petroleum Geologists. 

2. FREDRICK RoMBERG, Geophysical Service, Inc.: Quantitative Intro- 
duction to Gravity Prospecting (abstract). 

Discussion of the principles involved and operation of a gravity meter. 
Comparison of gravity meter and torsion balance. Illustrations of geologic 
interpretation of gravity-meter data. 

3. W. P. Wooprine, U. S. Geological Survey, and M. N. BRAMLETTE, 
University of California, Los Angeles: Late Miocene and Pliocene Stratigraphy 
and Paleontology of the Santa Maria District, California. 

4. F.S. Hudson and G. H. Wuire, Shell Oil Company, Inc.: Thrust Fault- 
ing and Coarse Clastics in Temblor Range, California (abstract). 


In the region of Recruit Pass the Temblor Range consists of Miocene 
strata overlain by pre-Cretaceous crystalline rocks and Oligocene and upper 
Miocene sediments of the Recruit Pass thrust sheet. This thrust cover was 
folded with the underlying strata, though in somewhat lesser degree. The 
Recruit Pass fault on the southwest flank of the range dips southwestward 
toward, and in places is seen to be cut by, a northwest-trending vertical fault. 
This is believed to be the northeasternmost element of the San Andreas Rift 
zone, a strip 2 miles wide covered by faulted Pliocene, bounded on the south- 
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west by the line of recent activity that is generally called the Rift. The crystal- 
line rocks are not native to Temblor Range but were thrust over it from a 
source either within, or to the southwest of, the Rift zone. 

The major movement on Recruit Pass fault was certainly pre-Quarternary 
and perhaps as early as latest Miocene. It is suggested that movement began 
during Santa Margarita (upper Miocene), and that the materials of the fanglom- 
erate lenses in Santa Margarita shale found on the northeast flank of the 
range came from the crystalline rocks which were thrust into the area tribu- 
tary to the basin of shale deposition. 

5. Joun F. Donce, University of Southern California, Howarp C. PyLeE, 
and Everett G. TrostEL, Union Oil Company: The Estimation by Volu- 
metric Methods of Recoverable Oil and Gas from Sands (abstract). 

The classical formula for volumetric estimates involving factors for area, 
sand thickness, porosity, saturation and recovery is reviewed and the need 
for modification and amplification of the factors demonstrated. Individual 
factors are redefined in their new content and methods for their evaluation 
outlined. The need for consideration of both physical and economic effects in 
the choice of a recovery factor is emphasized. Recovery factors for oils are 
distinguished from those for gases for co-occurring and produced oil and gas 
mixtures. Applicability of volumetric reserve estimates to engineering ap- 
praisals is discussed and inherent limitations of the procedure set forth. 

In conclusion the authors point out that practical accuracy in volumetric 
estimates of oil and gas reserves is dependent both on the accuracy and com- 
pleteness of the data available and on the skill and resourcefulness of the 
engineer and geologist in analyzing and visualizing reservoir conditions and 
fitting together the fragmentary data into a compatible whole. Similarities 
with, and differences from, other fields within his experience should be recog- 
nized as well as the practical limitations of the factors involved, their relative 
importance and relative weight. 

6. RicHarD H. FLeminc and M. C. SARGENT, The Scripps Institution of 
Oceanography: The Accumulation of Marine Diatomaceous Sediments 
(abstract). 

Discussion of the oceanographic aspects of diatomaceous deposits with 
emphasis on the conditions favoring the production of large numbers of 
diatoms in the surface layers of the water, as well as some of the factors which 
may affect the deposition and p*servation of their skeletal remains. 


7. HERSCHEL L. Driver, Standard Oil Company of California: The Réle 
of Foraminifera in the Oil Industry (abstract). 

Data derived from foraminiferal investigations have been applied during 
the past 18 years as an aid in the solution of economic problems. Foraminifera 
and other organisms are used along with texture, hardness and color of rocks, 
fluid and mineral content, electric logs, and geophysical data as means of 
correlation. Fossils supply the sole practical means of determining the age of 
rocks. Micropaleontology laboratories deal with about 15,000 to a small 
fraction of that number of samples per month, resulting in marked variations 
in personnel, technique and results. 

8. RicHarRD W. SHERMAN, British American Oil Producing Company: 
Geology of the del Valle Field, Newhall District, California. 


9. R. W. Norton, Standard Oil Company of California: Interpretaton 
and Application of Electric Logs (abstract). 
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A very brief description of the resistivity and self-potential curves, ex- 
plaining the various measurements which are made. The application of these 
measurements to geological correlations and interpretation of formation 
content. 

10. Harry R. JoHNSON, consultant: Geology and Gas Potentialities of 
Marysville Buttes (abstract). 

Marysville Buttes, a strikingly isolated, nearly circular topographic 
feature about 10 miles in diameter, rises nearly midway across the Sacramento 
Valley, from a marginal elevation of less than 100 feet above sea-level to more 
than 2,000 feet in its craggy central part. 

Geologically, the Buttes are believed unique as far as California is con- 
cerned: successive volcanic and deformational episodes have greatly disturbed 
Cretaceous, Eocene, Pliocene, and possibly even younger sediments in a broad 
peripheral zone, the outer margin of which is hidden beneath a thick mantle of 
volcanic ejecta originating at a central crater developed during the final 
phase oi activity. 

Gas in commercial amounts has already been developed on the south side 
of the Buttes in sands of Cretaceous age, and evidence indicates other favor- 
able structural traps for gas and possibly for oil elsewhere within the marginal 
area of the uplift. Field studies during the past summer have thrown new light 
upon the Cretaceous-Eocene relationships and upon hitherto misunderstood 
structural conditions. 

11. A. F. Woopwarp, Stanley and Stolz: Recently Discovered Deep 
Miocene Production in the Inglewood Oil Field (abstract). 

Miocene production has been extensively developed in almost every field 
in the Los Angeles Basin. The fact that the Inglewood oil field was one of the 
principal exceptions prompted the drilling of Sentous No. 1 on the south flank 
of Inglewood fold by the R. R. Bush Oil Company. 

The Sentous test found the top of the Miocene at about 7,350 feet and 
productive sands between 8,325 and 8,757 feet. The Pliocene section was nor- 
mal, but thicker than expected. The upper Miocene sediments consisted 
principally of nodular shale, siltstone, and fine-grained silty sandstone, with 
some altered tuff beds and volcanic material between 8,350 and 8,425 feet. 
Production is coming from the lower part of upper Puente (upper Miocene). 

12. W.S. Otson, The Texas Company: Seismic Velocity Variations in the 
San Joaquin Valley (abstract). 

Velocity data have been obtained in approximately eighty wells in the 
San Joaquin Valley largely due to the efforts of the Codperative Well Velocity 
Surveying Group, organized in July, 1938. Analysis of these data has revealed 
the existence of rapid lateral changes in velocity which fit into a regional 
pattern. The causes of the variations are discussed, also their effect on seismic 
reflection mapping. Some methods for correcting reflection-survey data are 
considered. A considerable number of these were furnished by Cecil H. Green 
with well data from E. H. Vallat. 

13. RoLttn Ecxis, Richfield Oil Corporation: The Stevens Sand, Southern 
San Joaquin Valley, California (abstract). 

The Stevens sand, first penetrated in 1936 by the Shell Oil Company’s 
discovery well at Ten Sections oil field, is present beneath a large part of the 
southern San Joaquin Valley in Kern County. It has a maximum known thick- 
ness in excess of 2,000 feet, and at present is yielding commercial production 
from seven different structures. 
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It comprises the series of sands penetrated by wells in the southern part of 
the San Joaquin Valley, that lies below the top of a prominent cherty brown 
shale zone within the upper Miocene. This paper deals primarily with the dis- 
tribution, character and probable origin of the sand body. 

14. J. E. Eaton, consultant: Ecologic Factors in Correlation (abstract). 

The fact that migrating and recurring ecologic environments cause many 
correlations based on fossil faunas and floras to reflect homotaxial rather than 
time equivalencies has long been recognized. The principle involved has been 
applied, however, chiefly where marked differences in latitude, different 
provinces, or other obvious relations are apparent. There has been a tendency 
to tacitly imply, or to even state, that ecology can be more or less safely ig- 
nored when comparing similar faunas within a province or part of « province. 

Recent research on the environments of Miocene faunas, including a 
unique evolutionary record of the extremely short-ranged and precise astro- 
dapses, suggests that ecologic factors cannot be ignored even over short dis- 
tances without incurring the risk of serious errors in correlation. In the Miocene 
of California, certain previously accepted molluscan correlations between 
southern and northern basins of the state are now indicated to be erroneous 
by as much as one natural stage. Certain previously accepted foraminiferal 
correlations between southern and northern basins are now indicated to be 
erroneous by as much as one-third of the epoch. More locally, changes in 
fauna due to ecology which could cause errors approximately as large have 
been noted in tracing a horizon three or four miles basinward from an ancient 
strand. 

Migration, with time, of relevant temperatures and hence of certain faunal 
environments, from north to south and from open waters toward the strand, 
appears to have been the chief cause of mistaking homotaxial for time equiva- 
lencies in these Miocene correlations. Data thus far secured rather closely 
corroborate pioneer work by Natland. 

The problem of avoiding errors arising from homotaxis is an almost in- 
finitely vast and complicated one, because nearly all standards for comparison 
are relative. As a beginning, more emphasis might be placed on those supposed 
index fossils of relatively short range, and less on assemblages of long-range 
forms. More effort might be made to split species into varieties having differ- 
ing ranges. In particular, it is suggested that the policy be adopted of always 
mentioning ecologic factors, even if only to state that such factors are pre- 
sumably present but can not be evaluated. 


TWENTY-SIXTH ANNUAL MEETING, HOUSTON 
APRIL 2-4, 1941 


Alexander Deussen, chairman of the Houston steering committee, reports 
satisfactory progress in the plans of his several committees for the twenty- 
sixth annual meeting of the Association, April 2, 3, and 4, 1941. George S. 
Buchanan, president of the Houston Geological Society, which is the host for 
the convention, is looking forward to entertaining an unusually large gather- 
ing. Since 1924, the year in which Houston first entertained the A.A.P.G. in 
annual meeting, the membership of the Association has more than tripled and 
since 1933, the second year the convention met in the Texas Port City, more 
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than 1,100 geologists, paleontologists, and geophysicists have been added to 
the membership roll, making the total 3,489 (November 30, 1940). 

The Rice Hotel, headquarters for the meeting, has been remodeling its 
lobby and mezzanine floors, anticipating a capacity crowd during the week of 
March 31 to April 6. Concurrent meetings at the Rice will be held by the So- 
ciety of Economic Paleontologists and Mineralogists (April 3 and 4) and the 
Society of Exploration Geophysicists (April 1, 2, and 3). Group and individual 
field trips will make use of the week-ends before and after the technical ses- 


Houston Chamber of Commerce 


Statue of General Sam Houston at Hermann Park, Houston. General Houston led 
the early Texans to victory in the struggle of Texas to obtain independence from Mexico 
in 1836. General Houston helped establish the new Republic of Texas, and served as 
its first president. 


sions. The membership of the S.E.P.M. is 338 and that of the S.E.G. is goo. 
The three societies have a combined enrolment of approximately 4,500, after 
eliminating overlapping memberships. The total attendance of members, 
wives, and friends is expected to be in excess of 2,000. The largest A.A.P.G. 
registration was recorded at Oklahoma City in 1939, the total being 1,858. 

Advance information shows the following preliminary personnel of the 
convention committees. 

General committee—ALEXANDER DEUSSEN, chairman, consulting geologist, 
1006 Shell Building; W. B. Heroy, L. P. Garrett, John M. Vetter, Cliff Boles, 
Roy L. Beckelhymer, George S$. Buchanan, Marcus A. Hanna, Wallace C. 
Thompson. 

Hotel and registration —Outn G. BELL, chairman, Humble Oil and Refin- 
ing Company; J. A. Wheeler, W. A. Gorman, F. G. Evans. 
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Technical program.—D. Perry Otcort, chairman, Humble Oil and Refin- 
ing Company; H. B. Peacock, assistant chairman, representing the S.E.G., 
Geophysical Service Corporation, Inc.; Marcus A. HANNA, assistant chair- 
man, representing the S.E.P.M., Gulf Oil Corporation. 


Subchairmen 


Orval L. Brace 
804 2d Natl. Bank Bldg. 
Houston 


Shirley L. Mason 
Stanolind Oil and Gas Co. 
Houston 


Herschel H. Cooper 
1015 Milam Bldg. 
San Antonio, Tex. 


Ronald K. DeFord 
Argo Oil Corporation 
Box 865, Midland, Tex. 


Joseph H. Markley 
The Texas Company 


Box 1720, Fort Worth, Tex. 


John G. Bartram 
Stanolind O. & G. Co. 
Box 591, Tulsa, Okla. 


Alfred H. Bell 
State Geological Survey 
Urbana, Illinois 


Earl B. Noble 
Union Oil Co. of California 
Los Angeles, California 


C. E. Dobbin 
U. S. Geological Survey 
Denver, Colorado 


All development papers 


Gulf Coast district of Texas to and includ- 
ing Jackson County, southern Louisiana, 
all of Mississippi, Alabama, and Florida 


Southwest Texas area, including approxi- 
mate area of districts 1, 2, and 4 of Rail 
road Commission of Texas 


West Texas Permian basin, including 
West Texas and southeastern New Mexico 


South Mid-Continent area, including 
Texas Panhandle, North Texas, East 
Texas, North-Central Texas, North Lou- 
isiana, South Arkansas 


North Mid-Continent area, including 
Oklahoma, Kansas, Nebraska, Missouri 


Central and eastern states, including IIli- 
nois, Indiana, Michigan, Kentucky, Ten- 
nessee, Ohio, Pennsylvania, West Virginia 


State of California 


Rocky Mountain area, including north- 
eastern New Mexico, Colorado, Utah, 
Wyoming, Montana 


Scientific exhibits of Gulf Coast geology—PauL WEAVER, chairman, Gulf 
Oil Corporation; Lon D. Cartwright, Jr., J. Brian Eby, Walter H. Spears, 
F. W. Rolshausen, W. F. Calohan, W. E. Greenman. 


Field trips-—J. A. CuLBERTSON, chairman, Continental Oil Company; 
Martin M. Sheets, James K. Rogers, L. P. Teas, M. H. Steig, Wayne F. 
Bowman, A. G. Wolf. 
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ADDITIONAL APPLICATIONS APPROVED FOR PUBLICATION 
(Continued from page 2192) 
FOR ACTIVE MEMBERSHIP 


Lyman Clark Dennis, Midland, Tex. 

Darsie A. Green, L. J. Fulton, Lynn K. Lee 
Willem Fagginer-Auer, Belmont, Mass. 

P. E. Nolan, G. L. Lockett, H. D. Hedberg 
Oliver Peter Nicola, Jr., Saginaw, Mich. 

Jed B. Maebius, Charles K. Clark, Carl C. Addison 
James Herbert Pernell, Dallas, Tex. 

O. C. Clifford, Jr., Charles C. Williams, George C. McGhee 
Arthur Leland Snow, San Antonio, Tex. 

W. Harlan Taylor, Frank C. Roper, Dabney E. Petty 
Herman Frasch Whiton, New York, N.Y. 

Eugene McDermott, H. B. Peacock, W. R. Ransone 


FOR ASSOCIATE MEMBERSHIP 


Robert Tucker Drake, Wichita Falls, Tex. 

H. Giddings, Joseph H. Markley, Jr., R. S. Powell 
Rudolph V. Ewing, Ponca City, Okla. 

W. Baxter Boyd, S. K. Clark, Everett C. Parker 
Edward Arthur Frederickson, Norman, Okla. 

Charles E. Decker, W. H. Twenhofel, Norman D. Newell 
Dan Harvey McLendon, New Iberia, La. 

Carleton D. Speed, Jr., John D. Todd, F. E. Turner 
Laurence S. Melzer, Midland, Tex. 

Walter G. Moxey, E. F. Cesinger, Fred F. Kotyza 
Phil Middleton Miles, Lexington, Ky. 

Arthur C. McFarlan, Daniel J. Jones, Coleman D. Hunter 
Ruth Ream, Bakersfield, Calif. 

Wallace L. Matjasic, H. Allen Kelley, Elmo W. Adams 
Edward Cramon Stanton, Jr., Charleston, W. Va. 

William O. Ziebold, J. E. Billingsley, Robert C. Lafferty 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Clifford Fountain Barber, San Antonio, Tex. 
Gentry L. Kidd, Fred P. Shayes, Willis Storm 
Gerard Jan Hulsewe, Medan, Sumatra, N. E. I. 
G. C. Gester, S. H. Gester, George L. Knox 
John C. Maher, University, La. 
Eugene C. Reed, E. F. Schramm, A. L. Lugn 
Ezra H. Powell, Beeville, Tex. 
Stuart Mossom, S. A. Thompson, Weldon W. Hammond 
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ASSOCIATION COMMITTEES 
EXECUTIVE COMMITTEE 


L. C Snwer, chairman, Petroleum Advisers, Inc., New York City 

Ep. W. OwEn, secretary, L. H. Wentz (Oil Division), San Antonio, Texas 
Henry A. Ley, San Antonio, Texas 

Joun M. VeTTER, Pan-American Producing Company, Houston, Texas 
W. A. VER W1EBE, University of Wichita, Wichita, Kansas 


REPRESENTATIVE ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL 


A. I. LEvorSEN (1943) 


FINANCE COMMITTEE 
Wa tace E. Pratt (1941) W. B. Heroy (1942) E. DEGOLYER (1943) 


TRUSTEES OF REVOLVING PUBLICATION FUND 
GrorcE S. BucHANAN (1941) E. FLoyp MILLER (1942) FRANK A. MorGan (1943) 


TRUSTEES OF RESEARCH FUND 
Artuur A. BAKER (1941) WALTER R. BERGER (1942) L. Murray NEUMANN (1943) 


BUSINESS COMMITTEE 


H. K. Armstronc (1941)  H. L. Driver (1941) S. E. (1941) 
W. N. Batrarp (1941) E. C. Epwarps ‘A 942) L. C. SNIDER (1942) 
N. Woop Bass (1941) James F. Gress (1942) H. B. STENZEL (1941) 
R. L. BECKELHYMER (1942) DeEtMarR R. GuINN (1941) L. W. STEPHENSON (1942) 
A. H. BEtx (1941) Henry A. Ley (1941) W. T. Tuo, Jr. (1941) 
J. Boyp Best (1941) J. H. McGutrt (1941) C. W. Tomitnson (1941) 
L. D. Cartwricut (1941) C. C. MILLER (1941) W. A. VER WIEBE (1941) 
W. W. CLawson (1942) C. L. Moopy (1941) Joun M. VETTER (1941) 
Carey CRONEIS (1941) H. H. Nowtan (1941) T. E. WerricH (1942) 
J. I. Dantets (1941) Ep. W. OWEN (1941) E. B. Witson (1941) 
R. K. DeForp (1941) Paut H. Price (1941) Rosert H. Woop (1941) 
C. E. Dossrn (1941) RoceEr H. SHERMAN (1941) C. E. YAGER (1941) 
COMMITTEE FOR PUBLICATION 
R. E. RETTGER (1942), chairman, Sun Oil Company, Dallas, Texas 
1941 1942 1943 
Tuomas H. ALLAN Cartes G. CARLSON B. W. BLANPIED 
T. C. Craic James TERRY DucE Car.es M. Cross 
ALAN J. GALLOWAY CotemMan D. HunTER H. F. Davies 
A. B. Gross Lewis W. MacNaucHTtoN Max L. KRuEGER 
Rosert F. CarLETON D. SPEED, JR. JED B. Marsius 
Rosert C. LAFFERTY, Jk. James L. TaTuM Kart A. MycDAL 
J. T. RicHarps Frep H. WiLcox O. A. SEAGER 
J. Marvin WELLER H. V. TyGRETT 
RESEARCH COMMITTEE 
A. I. LEVoRSEN 942); chairman, 221 Woodward Boulevard, Tulsa, Oklahoma 
M. G. CHENEY (1942), vice-chairman, Coleman, Texas 
1941 1942 1943 
E. WayNE GALLIHER N. Woop Bass Rotanp F. BEERS 
H. Ronatp K. DEForpD LEsLIE C. CASE 
W. S. W. Kew WintHrop P, HayNEs D. HEDBERG 
Joun C. MILLER Ross L. HEATON Tuomas C. HiEsTAND 
D. Perry OLcoTtT BELA HUBBARD Joun M. Hitts 
BEN H. PARKER B. Kinc C. KRuMBEIN 
WENDELL P. RAND T. E. WertricH F. B. PLUMMER 
F. W. RoLSHAUSEN W. H. TWENHOFEL 


F. M. Van Tuy THERON WASSON 
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GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
Joun G. Bartram (1942), chairman, Stanolind Oil and Gas Company, Tulsa, Oklahoma 


1941 1942 1943 
Monroe G. CHENEY Joun E. ADAMS ANTHONY FOLGER 
Rosert H. Dorr GENTRY Kipp BENJAMIN F. HAKE 
Haron N. HIcKEy Huca D. MIsERr Rosert M. 
MERLE C. ISRAELSKY RaymonpD C. Moore Norman D. NEWELL 
C. L. Moopy CHARLES W. TOMLINSON 


SUB-COMMITTEE ON CARBONIFEROUS 
M. G. CHENEY (1942), chairman, Coleman, Texas 


1941 1942 1943 
Rosert H. Dott Raymonp C. Moore BENJAMIN F. HAKE 
Harop N. HIcKEy Norman D. NEWELL 


CHARLES W. ToMLINSON 


COMMITTEE ON APPLICATIONS OF GEOLOGY 


Carro.t E. Dossin (1943), chairman, U. S. Geological Survey, Denver, Colo. 
Henry C. Corres (1941), vice-chairman, geophysics, Magnolia Petroleum Co., 


Dallas, Tex. 
Carey CRONEIS (1943), vice-chairman, paleontology, University of Chicago, 
Chicago, Ill. 
1941 1942 1943 
Hat P. ByBEE LuTHER E. KENNEDY R. M. BARNES 
E. E. ROSAIRE CHALMER J. Roy H. S. McQueen 
Eart A. TRAGER B. B. WEATHERBY - 


SPECIAL COMMITTEES 


COMMITTEE ON COLLEGE CURRICULA IN GEOLOGY 
Freperic H. LAHEE, chairman, Sun Oil Company, Dallas, Texas 


L. T. BARRow Winturop P. HAYNES Joun D. Marr 
WALTER R. BERGER K. K. LANnpDES E. K. Soper 
Hat P. ByBEE Henry A. LEy W. T. THom, Jr. 


Joun T. LONSDALE 


COMMITTEE TO oe A NEW METHOD OF ELECTING 


OFFICERS 
GEoRGE S. BucHANAN, chairman, Box 2199, Houston, Texas 
N. Woop Bass J. V. Joun N. 
GLENN C, CLARK L. C. MorGAN W. B. Witson 


COMMITTEE ON MIMEOGRAPHED PUBLICATIONS 
FRANK R. Crark, chairman, The Ohio Oil Company, Tulsa, Oklahoma 


ARTHUR E. BRAINERD FREDERIC H. LAHEE E. Ftoyp MILLER 
GEORGE S. BUCHANAN A. I, LEvorsEN FRANK A. MORGAN 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


Wa tter K. Linx, recently with the Standard Oil Company of Louisiana, 
at Shreveport, Louisiana, is with the West India Oil Company, S. A., Box 
5039, Ancon, Canal Zone. 


J. P. McCuttocu has changed his connection from the Standard Oil 
Company of California, at San Francisco, to The Texas Company, 135 East 
42d Street, New York City. 


Joun R. GisBuRNE, of the Shell Oil Company, Inc., has been transferred 
to the headquarters office at Tulsa, Oklahoma, after several months of field 
work. His address is 1501 South Jamestown Avenue. 


ALEx W. McCoy, of Ponca City, Oklahoma, a past-president of the 
Association, has been appointed manager of the land, geological, and geo- 
physical departments of the Deep Rock Oil Corporation, Tulsa, succeeding 
LurHER H. WHITE, resigned. 


FRANK ButtraM, independent operator, Oklahoma City, Oklahoma, is 
president of the Independent Petroleum Association of America. HAROLD B. 
FELL, of the Simpson-Fell Oil Company, Ardmore, Oklahoma, is executive 
vice-president. 


Ear A. TRAGER, for several years chief of the naturalist division of the 
National Park Service, is now manager of the Washington branch of the Bell 
and Howell Company, 1221 G Street, N. W., Washington, D. C. 


K. C. ScLaTEr, is first vice-president and editor of The Petroleum Engi- 
neer, published in Dallas, Texas. 


Harvey M. Lyrtet has returned from work for the Socony-Vacuum Oil 
Company in Egypt and may be addressed in care of the General Petroleum 
Corporation of California, 2525 East Thirty-Seventh Street, Los Angeles. 


CuHaRLEs H. BEuRE, JR., of the department of geology at Northwestern 
University, Evanston, Illinois, recently talked on “The Mineral Industry of 
Europe and North Africa, Personal Impressions,” before the Illinois Geo- 
logical Society. 


Juttan K. PAwtey, of the General Geophysical Company, has moved 
from Wooster, Ohio, to 6227 St. Claude, New Orleans, Louisiana. 


S. M. Aronson, of the Atlantic Refining Company, has moved from 
Dallas, Texas, to 914 Giddens-Lane Building, Shreveport, Louisiana. 


GEorGE L. RIcHARDS, JR., of the Shell Oil Company, Inc., has been trans- 
ferred from Los Angeles, California, to San Antonio, Texas. 


Emit Monsovr, of the Sun Oil Company, has been transferred from Tal- 
lahassee, Florida, to Dallas, Texas. 
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S. J. AszkLar, who earned the M.A. degree at the University of Wisconsin 
in 1939, is employed by the Gulf Research and Development Company, 
Houston, Texas. 


E. FLroyp MI1teEr, geologist of the Oliphant Oil Corporation, recently ad- 
dressed the Shreveport, Louisiana, Geological Society, on ““The Cotton Valley 
Field.” Miller is past-president of the Shreveport Society. 


GrorGE R. Downs has resigned from the Superior Petroleum Company 
at Shelby, Montana, to become geologist for the Carter Oil Company at 
Bismarck, North Dakota. 


Purp D. GuLty, consulting geologist, has moved his office from Beeville, 
Texas, to the Milam Building, San Antonio, Texas. 


ALDEN Stuart DONNELLY, geologist with the Honolulu Oil Corporation 
at Midland, Texas, is secretary-treasurer of the North Basin Pools Engineer- 
ing Committee, succeeding R. R. PoRTERFIELD of the Devonian Oil Company. 


GAYLE Scott, professor of geology at Texas Christian University, ad- 
dressed the Fort Worth Geological Society, October 21, on “The Correlation 
and Relationship of the Texas Midway.” 


E. R. Brockway, of the Devonian Oil Company, is situated at Fort 
Worth, Texas. 


M. M. Stornick, of the geophysical department of the Humble Oil and 
Refining Company, recently addressed the Houston Section of the American 
Institute of Electrical Engineers on “Seismic and Gravity Methods in 
Petroleum Geophysics.” 


CuarLEsS P. McGana, vice-president of the Fain-McGaha Oil Corpora- 
tion, Wichita Falls, Texas, is president of the National Stripper Well As- 
sociation. 


M.D. Mavck, of the Pure Oil Company, has been transferred from Olney, 
Illinois, to Tulsa, Oklahoma. 


SAMUEL W. WELLs is with the Mohican Drilling Company, Ada, Okla- 
homa. 


The Illinois Mineral Industries Conference at Urbana-Champaign, 
November 14, 15, and 16, sponsored by the Illinois Geological Survey, the 
Engineering Experiment Station of the University of Illinois, and the Illinois 
Mineral Industries Committee, included in its program the following De- 
vonian symposium and a group of papers on oil and gas. 


J. Marvin WELLER, geologist, Illinois Geological Survey: The Devonian System 
in Southern Illinois. 

CAREY CRONEIS, associate professor of geology, University of Chicago: The De- 
vonian System in Southeastern Missouri. 

Hucu D. Miser, geologist, U. S. Geological Survey: The Devonian System in 
Arkansas and Oklahoma. 

KENDALL E. Borw, assistant geologist, Tennessee Geological Survey: The Devonian 
System in Western Tennessee. 

LoutsE B. FREEMAN, assistant geologist, Kentucky Geological Survey: The Sub- 
surface Stratigraphy of the Devonian System in Western Kentucky. 
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A. H. Sutton, associate professor of geology, University of Illinois: The Devonian 
System in Indiana. 

E. B. Branson, head, department of geology, University of Missouri: Devonian 
System in Northern Missouri. 

H. S. McQvuEEn, assistant State geologist, Missouri Geological Survey: Cross 
Section of the Devonian Formations in the Forest City Basin. 

M. S. SrarnBrook, professor of geology, Texas Technological College (paper 
presented by A. C. TRowBRIDGE, State geologist of Iowa): The Devonian System 
in Iowa. 

L. E. Workman, geologist, Illinois Geological Survey: Subsurface Stratigraphy of 
the Devonian in Illinois. 

G. W. Caytor, geologist, Shell Oil Company, Inc.: Devonian Rocks in the Cen- 
tralia Area. 

L. A. Myttus, consulting geologist, Bell Brothers: Some Practical Applications of 
Geology in Illinois Rotary Drilling. 

Bart DELaat, division engineer, Pure Oil Company: Recent Advances in Illinois 
Drilling. 

D. H. DuKE, petroleum engineer, Shell Oil Company, Inc.: Production Engineering. 

W. F. Errtnc, petroleum engineer, Carter Oil Company: The Gas Injection Project 
at Loudon. 

W. H. Vosxkut1, mineral economist, Illinois Geological Survey: Oil in International 
Relations. 


E. W. KramPeErt, consulting geologist of Casper, has been appointed 
State geologist of Wyoming, succeeding S. H. Knicur, resigned. 


Acus Epwarps, who received the degree of Master of Arts, majoring in 
geology, from the University of Wyoming last June, has been employed in the 
exploration department of the Shell Oil Company, Inc., Tulsa. 


E. W. Kimpatt, of the geological department of the Continental Oil 
Company, has moved from Hobbs, New Mexico, to Wichita Falls, Texas. 


THomAs M. PrEetTYMAN, of the West Texas Oil and Royalty Corporation, 
died at Fort Worth, Texas, November 2. 


The Shreveport Geological Society, Shreveport, Louisiana, has elected the 
following officers: president, WARREN B. WEEKs, Phillips Petroleum Com- 
pany; vice-president, WELDon E. Cartwricut, Tide Water Associated Oil 
Company; secretary-treasurer, S. C. GresEy, Stanolind Oil and Gas Company; 
historian, R. B. TotTEn, Phillips Petroleum Company. 


The North Texas Geological Society, Wichita Falls, Texas, has elected 
new officers: president, J. R. Srerrz, of Seitz, Comegys, and Seitz; vice- 
president, J. J. Russet, Jr., Sinclair Prairie Oil Company; secretary- 
treasurer, J. M. CLarxk, Tide Water Associated Oil Company. 


Sigma Gamma Epsilon held its annual symposium at the University of 
Oklahoma, Norman, December 7. The topic was “Major Divisions of the 
Pennsylvanian of the Mid-Continent.” 


CrciL HAGEN, consulting geologist, Houston, Texas, has returned to his 
office after a business trip to Ecuador. 


The Geological Society of America extends a special invitation to the 
members of the American Association of Petroleum Geologists and affiliated 
societies to attend and participate in the 53d annual meeting, the University 
of Texas, Texas Union Building, Austin, Texas, December 26-28. 


| 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 24, NO. 12 (DECEMBER, 1940), PP. 2205-2232 


INDEX OF VOLUME 24 (1940) 


Abstracts, Pacific Section Seventeenth Annual Meeting, November 7-8, 1940. 


The Association Round Table .. 2192 
, West Texas Geological Society Fall Meeting, August 17, 1940. The 
Association Round Table 1698 
Accumulation of Marine Diatomaceous Sediments. By Richard H. Fleming 
and M. C. Sargent. Abstract ; 2194 
Accumulations, Oil and Gas, Relationship of Unconformities to. By Frank k J 
Gardner. Student Awards. 2022 
Adair County, Oklahoma, Morrow Group of. By Carl A. Moore 409 
Adams, Bradford C. Foraminifera in Zonal Paleontology. Review by Hubert G. 
Schenck .. 2049 
Adams, John Emery. Structural Development, Yates Area, Texas . 134 
Adams, John Emery, and Page, Lincoln R. Stratigraphy, Eastern Midland 
Basin, Texas paar 52 
Adams, John Emery, et al. Classification of Permian Rocks . . . . . . 337 
Addison, Carl C. Buckeye Oil Field, Gladwin County, Michigan. 1950 
Additional Membership Applications ave” “¥ Publication. The Association 
Round Table . 6 758, 1507, 1850, 2057, 2199 
Address of Welcome at the Twenty-Fifth A ites Meeting o of the Association. 
By M.M. Leighton .. . 
, Response to. By Henry A. Ley . 


Alberta, Canada, Paleozoic Limestone A Turner Valley. By W. D.C. Mackenzie 1620 
American Association of Petroleum Geologists, Address of Welcome at iad 


Fifth Annual Meeting of. By M.M. Leighton. . . . . . . 
, Code of Ethics. The Association Round Table. 1519 
, Committee Appointments. By L. C. Snider. The Association Round 
Table . . 
, Committee on Mimeographed Publications. By L.C.Snider 
’ Constitution and By-Laws. The Association Round Table . . . : 1510 
—_, ’ Division of Paleontology and Mineralogy, Financial Statement, 1939- 
The Association Round Table . . 519 
, Executive Committee. The Association Round Table . . . . . 804 
———,, Finances. The Association Round Table . “om 
, Financial Statement, 1939. The Association Round Table. . . . 514 
—_——- ’ Membership List, March 6, 1940. The Association Round Table . . 523 
, Membership List, Supplementary, September 1, 1940. The Association 
Round Table . 1694 


, Minutes, Twenty-Fifth Annual Meeting, Stevens Hotel, Chicago, 
Illinois, April 10-12, 1940. By Ed. W. Owen. The Association Round Table 906 
, Past and Present Officers. The Association Round Table . . 603 
, Report of Representative on Division of Geology and Geography of 
National Research Council. By Frederic H. Lahee. The Association Round 


Table . . . 1148 
, Special Committees. The Association Round Table. . . . . 1147 
——, Statistics. 914 
’ Twenty-Fifth Annual Meeting, Chicago, April 10-12, 1940. The Associa- 
tion Round Table. 882 
, Twenty-Sixth Annual “Meeting, Houston, ‘April om 1941. ‘Announce- 
ment. The Association Round Table. . 1346,1697, 2196 
A. I. M. E. Petroleum Division, Fall Meeting, Los Angeles, October 17 and 18 2067 
, Fall Meeting, Tulsa, October 24, 25, 26 . 2066 


” Petroleum Development and Technology. Review by Paul D. Torrey . 1842 
Ammonoids, Cretaceous, in Texas Area, Paleoecological Factors Controlling 


Distribution of. By Gayle Scott . 
Anderson, Gustavus Edwin. Memorial by Charles E. Decker. . 1854 
Andrews County, Texas. Geologic Section from Fisher _— through, t to Eddy 

County, New Mexico. By Robert I. Dickey . . 37 

2205 


2206 INDEX OF VOLUME 24 


Antillean-Caribbean Region, Paleogene of Barbados and Its Bearing on History 

and Structure of. By Alfred Senn . 1548 
Apco Structure, Pecos County, Texas. Ordovician Development. "Geological 

Note by Taylor Cole . 478 
Appalachian Geological Society, November 1-2. Announcement. Field Trips. 1863 


Appalachian Geological Society Field Trip, October 4-5, 1940 . . . . . 2064 
, Announcement. 1704 
Appalachian Region, Deep-Sand Developments i in, during 1939. By Thurman 
H. Myers . 970 
Appalachian Salt Brines, Barium in. Geological Note by E.T.Heck . . 486 , 887 
Application and Interpretation of Electric Logs. By R. W. Norton. Abstract . 2194 
Applications of Geology, Eighth Annual _—= of Committee on. oe C. E. 
Applied Paleontology. By Hubert G. Schenck . 
Appointments, Committee. By L. C. Snider. The Association Round Table. 1145 
Are the “Omphalotrochus Beds” of U.S.S.R. Permian? By J. Brookes Knight. 
Discussion . 1128 
Arkansas, Dorcheat Pool, Deepest i in, Columbia County. Geological Note by 
H. Harold Trager. . 738 
, Southern, and Northern Louisiana, Developments i in, during 1930. By 
Warren B. Weeks and Joseph Purzer . . 1092 
Aspermont Pool Discovery, Stonewall oe Texas. Geological Note by E Fred 
M. Haase . ae 1839 
Association, This. By Henry A. Ley . 1162 
Association ‘Committees 192, 398, 512, 760, 942, 1146, 1344, 1508, 1692, 1848, 2058, 2200 
Association Executive Committee Meetings . < » . O88 
Association Finances. By Ed. W. Owen. The Association Round Table. . 198 
Association Membership List, March 6, 1940. The Association Round Table . 523 
, Supplementary, September 1, 1940. The Association Round Table . 1694 
Association Round Table, The . . 191, 207, 396, 408, 510, 616, 756, 
eee 888, 1139, 1343, 1503, 1691, 1703, 1847, 1864, 2056, 2192 
Association Statistics. . 914 


Association Subcommittee on the Permian. Classification of Permian Rocks, by 
C. W. Tomlinson efal. . 337 
At Home and Abroad . 202,403, 610. 762,048, 1154, 1348, 1524, 1701, 1858, 2061, 2202 


Atwill, E. R. Significant Developments i in California, 1939 . 392 
Autry, Vernon E. Discovery of Oil in Ellenburger Formation, K. M. A. Oil 

Field, Wichita County, Texas. Geological Note . . . 1494 
Baker, Arthur A., and Williams, James Steele. Permian in Parts of Rocky 

Mountain and Colorado Plateau Regions . 617 
Baker, C. L. Probable Lower Mississippian Age of Caballos Novaculite, New 

Mexico. Geological Note. . 1679 
Bakersfield, California, Coal in Eocene near. Geological ‘Note by Robert W. 

Clark. 
Balk, Robert. Review of Grénland 1930, by CE. Wegmann eal... . 882 
Balk, Robert, and Ruedemann, Rudolf. Editors of Geology of North America, 

by Many Authors. Review by W. A. Ver Wiebe . 
Ball, Max W. This Fascinating Oil Business. Review by W.V.Howard . . 883 
Barbados, Paleogene of, and Its Bearing on History and Structure of Antillean- 

Caribbean Region. "By Alfred Senn. . 
Barium in Appalachian Salt Brines. Geological Note by E.T.Heck . . 486 , 887 


Barnes, Roy M. Twenty Years of Petroleum Geology in California . 
Bartle, Glenn G., and Smith, Rufus M. Relative Porosity and Permeability of 
Producing Formations of Hugoton Field, Kansas, as Indicated by Gas 


Withdrawals and Pressure Decline. . . . . . . . « 43798 
Barton, Donald C. Memorial by F. H. Lahee . 1521 
Bartosh, E. J. Pacific Section Seventeenth Annual Meeting. The Association 

Round Table... 
Bartram, John G. Report of Committee on Geologic Names and Correlations . 926 

ub-Committee on Carboniferous. The Association Round Table . . 1346 


Bass, N. W. Tulsa Geological Research Committee 
Relationships of Crude Oils .. 93° 


1 
1705 
; 
| 


INDEX OF VOLUME 24 


Beaumont and Lissie Formations of Gulf Coast of Texas, Deposition of. By 
R. J. Metcalf : 

Beauregard Parish, Louisiana, ‘Neale Field. Geological Note by H. V. Tygrett. 

Beede, Joshua William. Memorial by E. R. Cumings . 

Bell, Alfred H. Developments in Eastern Interior Basin, 1930 and 1940 ‘ 

Bell, K. G., Goodman, Clark, and Whitehead, W. L. Radioactivity of Sedimen- 
tary Rocks and Associated Petroleum , 

Bellemin, George J. Petrology of Whittier Conglomerates, Southern California 

Berger, W. A. Reports of Committee Studying Methods of Electing Officers. 
The Association Round Table . 

Berl, E. Réle of Carbohydrates in Formation of Oil and Bituminous Coals. 

Billings, M. H., et al. Geophysical Interpretation. Study Group Reports (Hous- 
ton Geological Society) . 

Billings Field, Noble County, Oklahoma, Structural History ‘of, ‘Interpreted i in 
Terms of Isostasy. By Malvin G. Hoffman 

Bishop, Margaret Stearns, Isopachous Studies of Ellsworth to Traverse Lime- 
stone Section of Southwestern Michigan 

Bituminous Coals and Oil, Réle of Carbohydrates i in Formation of. By E. Berl . 

Bolivia, Geology of Sub- ‘Andean Belt of. By Glycon de Paiva, Jorge Mufioz 
Reyes, and Guillermo Mariaca. Review by John L. Rich f 

Bonita Discovery, Montague County, Texas. Geological Note by J. P.Gil - 

Borden, Joseph L. Review of Geology and Mineral Resources of Washington 
County, Oklahoma, by Malcolm C. Oakes... 

Born, Kendall E. Lower Ordovician Sandy Zones (“St. Peter”) i in Middle Ten- 
nessee . 

Bornhauser, Max, and Marshall, Lester R. Three New Interior Salt Domes in 
Northeast Louisiana. Geological Note . 

Boyd, W. Baxter. Deepest Well in Mid-Continent Region, Washita County, 
Oklahoma. Geological Note 

Brace, O. L. Review of Developments i in 1939, Gulf Coast of Upper Texas and 
Louisiana 

Se Texas, Recent Shoreline Process. ‘Geological Note by William 

urry . 

British West Indies, “Los Bajos Fault of South Trinidad. By C.C. Wilson... 

Brown, Roland W. Review of Textbook of Paleobotany, by William C. Darrah . 

Buckeye Oil Field, Gladwin County, Michigan. By Carl C. Addison . . 

Buddington, A. F., ef al. Source Rocks of Petroleum—A —* of Opinion. 
Discussion . 

Bulletin Papers, Source of . . 

Burgess, V. N. Houston Geological Society. ‘Student Awards 

Business Committee, Report (Minutes) of. By Ed.W. Owen . 

Butcher, Cary P. Photographs of the Sacramento Mountains. Title . 


Caballos Novaculite, New Mexico, Probable Lower Mississippian Age of. Geo- 
logical Note by C. L. Baker. . 

—— Coal in Eocene near Bakersfield. Geological Note by 1 Robert W. 

, Eocene Exploration i in. By F. A. Menken . 

” Eocene Yokut Sandstone North of Coalinga. By Robert T. White. 

F oraminiferal Correlations in Eocene of San Joaquin Valley. By Boris 

Laiming 

, Foraminiferal Correlations in the Eocene of the San Joaquin Valley. 

By Boris Laiming. Review by Hubert G. Schenck . 

, Models of Kettleman Hills North Dome. Geological ‘Note by John H. 

Maxson . 

, Notes on Some Foraminifera from Marysville Buttes. By M. C. Israel- 
sky. Review by Hubert G. Schenck ‘ 
, Paloma Oil Field, Kern County. Geological Note by R.W. Clark. 
” Rio Bravo Oil Field, Kern County. Geological Note by Earl B. Noble . 
’ Significant Developments i in, 1939. By E. R. Atwill . 

, Southern, Miocene Fishes in Well Cores from Torrance in. "Geological 
Note by Lore David . 
, Southern, Petrology of Whittier ‘Conglomerates. By George J. Bellemin 


2207 


693 
2036 
1855 

959 


1529 
649 


195 
1865 


372 
2006 


2150 
1865 


1686 
1838 


2185 
1641 
483 
735 
1079 
731 
2102 
75° 
1950 
496 
920 
2020 


923 
1699 


1679 


1676 


1940 
1722 


1923 
2049 
740 
2051 
742 
1330 


2182 
649 


2208 INDEX OF VOLUME 24 


, Strand Oil Field, Kern County. Geological Note by F. A. Menken . 1333 
’ Stratigraphy of a Ventura Basin. By Richard H. Jahns. 
Review by William S. W. ‘ 1841 
, The Stevens Sand, bit od San Joaquin Valley. By Rollin Eckis. 
Abstract. 2195 
, Thrust Faulting and Coarse Clastics in Temblor Range. By F. S. Hudson 
and G. H. White. Abstract . ; 2193 
, Twenty Years of Petroleum Geology i in. By Roy M. Barnes. . 1705 
California Fossils for the Field Geologist. By Hubert G. Schenck and A. Myra 
Keen. Review by Robert T. White... 2186 
Cambrian and Pre-Cambrian Relations in East-Central Minnesota. Geological 
Note by A. J. Crowley and G. A. Thiel . . 744 
Camp County, Texas, Pittsburg Field. Geological Note by H. cC. ‘Vanderpool . 2032 
Campbell, Robert B. Review of Scenery of Florida, by C. Wythe Cooke . . 504 
Canada, Paleozoic Limestone of Turner Valley, Alberta. By W. D. C. Mac- 
kenzie 1620 
Cannel Coal and Oil Shale. By Institute of Petroleum. Review by Hugh D. 
Miser .. 388 
Cannon, R. L. Section Encountered in the Krupp Wells, Hudspeth County, 
Texas. Abstract . - 1699 


Carbohydrates in F ormation of Oil and Bituminous Coals, Role of. By E. Berl . 1865 
Carboniferous, Sub-Committee on. By John G. Bartram. The Association Round 


Carboniferous-Permian Boundary. By Raymond C.Moore . . 282 
Caribbean-Antillean Region, Paleogene of Barbados and Its Bearing « on History 

and Structure of. By Alfred Senn. . 1548 
Carlton, D. P. Memorial of Walter Winthrop Scott . . 044 
Carroll, Dorothy. Possibilities of Heavy-Mineral Correlation ‘of Some Permian 

Sedimentary Rocks, New South Wales 636 


, Possibilities of Heavy-Mineral Correlation of Some Permian Sedi- 
mentary Rocks, New South Wales. Discussion by H. G. Raggatt and Irene 


Crespin. . 1682 
Central American Snakes (Serpientes Venenosas de Costa Rica). By C. Picado 
T. Review by William W. PorterII_. 383 
me _ Platform, Whitehorse-San Andres Contact on and Adjacent to. 
R. T. Cox and N. B. Winter. Abstract. 1700 
Chemical Engineering i in Petroleum Exploration and Production. By P. E. Fitz- 
gerald . 1361 
Cheney, M. G. Geology of North-Central Texas. . . . . 2... 65 
Cheney, M. G., et al. Classification of Permian Rocks. 
Chester Series in Illinois, Subsurface Geology of. By L. E. Workman. . . 209 
Chevalier, Jerome Archibald. Memorial by L. E. Kennedy . 2060 
Chicago Convention Activities Announcement. The Association Round Table 
408, 600, 601 
Chinati Mountains, Presidio County, Texas, Upper Paleozoic Section of. By 
John W. Skinner . . 180 
Christner, D. D. Todd Ranch Discovery, Crockett County, Texas. Geological 
Note. : 1126 
Clark, G. C. Rogers ‘Pool, Montague County, Texas. Geological Note . . 1836 
Clark, Robert W. Coal in Eocene near Bakersfield, California. Geological Note . 1676 
, Paloma Oil Field, Kern County, California. Geological Note . . . 742 
Classification of Permian Rocks. By C. W. Tomlinson eal. . 
Classification and Correlation of the Type Permian. By Carl O. Dunbar. . 237 
Classification and Economic Use of Foraminifera. By Joseph A. Cushman. Re- 
view by Byron N. Cooper. 1498 
Clay County, Texas, Henderson Pool Discovery. Geological Note by George P. 
Hardison . 1495 


Coal in Eocene near Bakersfield, California. Geological ‘Note by Robert W. 
lar 


1676 
C alia California, Eocene Yokut Sandstone North of. By Robert T. White. 1722 
Coarse Clastics and Thrust Faulting in Temblor Range, California. By F. S. 
Hudson and G. H. White. Abstract . . 2193 
Coastal Texas and Louisiana, Downdip Wilcox (Eocene) of. By J. "A. Culbertson 1891 


| 
} 
| 
° 
| 
| 
q 
4 


INDEX OF VOLUME 24 


Code of Ethics of The American Association of Petroleum Geologists. The Asso- 
ciation Round Table . 

Cogen, William M. Heavy-Mineral Zones of Louisiana and Texas Gulf Coast 
Sediments .. 

Cole, Taylor. Ordovician Development, Apco Structure, Pecos County, Texas. 
Geological Note. 

Cole, Taylor, and Linehan, C. M. Insoluble-Residue Study of the Holt “Pay,” 
Ector County, Texas. Abstract. . 

Colleges Attended by Members and Associates of the Association, Survey of . 

— and Venezuela, Jurassic-Cretaceous (Girén) Beds in. By Victor Oppen- 

eim 

Colorado Plateau and Rocky Mountain Regions, Permian in Parts of. ‘By Arthur 
A. Baker and James Steele Williams 

Colton, Earl G. Memorial of Henry Arthur Nedom . 

Columbia County, Dorcheat Pool, Deepest in Arkansas. Geological Note by H. 
Harold Trager. 

Committee on Mimeographed Publications. “By L. C. Snider. The Association 
Round Table . 

Committee Appointments. By 'L. C. Snider. The Association Round Table. . 

Conglomerates, Whittier, Southern California, Petrology of. By George J. Belle- 
min . 

Constitution and By-Laws of The American Association of Petroleum Geolo- 
gists. The Association Round Table. 

Constitutional Committee. By the Executive Committee. The Association 

, Report of. By William B. “Heroy 

Cook Mountain Formation, New Zone in, the Crassatella texalta Harris—Tur- 
ritella cortezi Bowles Zone. By H. B. Stenzel : ee 

Cooke, C. Wythe. Scenery of Florida. Review by Robert B. Campbell . 

Cooper, Byron N. Review of Foraminifera. Their Classification and Economic 
Use, by Joseph A. Cushman . 

Codéperation between Advanced Students and Men of the Petroleum n Industry. 
By S. A. Lynch. Research Notes : 

Correlation, Ecologic Factors in. By J. E. Eaton. Abstract : 

, Heavy-Mineral, of Some Permian Sedimentary Rocks, New South Wales, 

Possibilities of. By Dorothy Carroll. aie 

of Pennsylvanian Rocks of New Mexico. By C.E. Needham . 
, Some Foraminiferal, in the Eocene of San Joaquin Valley, California. 
By Boris Laiming. Review by Hubert G. Schenck . ; 
Correlation and Classification of the Type Permian. By Carl O. Dunbar . 
Correlations, Foraminiferal, in Eocene of San Joaquin Valley, California. By 
Boris Laiming . 

Cox, R. T., and Winter, N. B. Whitehorse-San Andres Contact on and d Adjacent 
to Central Basin Platform. Abstract. . 

Crane County, Texas, Sand Hills Area. By Elliot H. Powers AE 

Crassatella texalta Harris—Turritella cortezi Bowles Zone, New Zone ii in Cook 
Mountain Formation. By H. B. Stenzel 

Crawford, J. G. Oil-Field Waters of Wyoming and Their Relation to Geological 
Formations 

Crespin, Irene, and Raggatt, H.G. Discussion of Possibilities of Heavy-Mineral 
Correlation of Some Permian Sedimentary Rocks, New South Wales, by 
Dorothy Carroll 

Cretaceous Ammonoids in Texas Area, Paleoecological Factors Controlling Dis- 
tribution of. By Gayle Scott. . 

Se (Girén) Beds in Colombia and Venezuela. By Victor ‘Oppen- 

eim 
Critical oe" of Recent Developments i in Geochemical Prospecting. By Syl- 
vain J. Pirson . . 

Crockett County, Texas, Todd Ranch Discovery. Geological Note by D. D. 
Christner 

Crowley, A. J., and Thiel, G. A. Pre- Cambrian and Cambrian Relations i in East- 
Central’ Minnesota. Geological Note 


2209 


1519 
2069 
478 


1700 
932 


1611 


617 
1150 


738 


1145 
1145 


649 
I510 


602 
923 


1663 
504 


1498 


604 
2196 


636 
173 


2049 
237 


1923 


1700 
119 


1663 


1214 


1682 
1164 
1611 
1464 
1126 


744 


~ 
| 
j 
; 


2210 INDEX OF VOLUME 24 


Crude Oils, Geologic Relationships of: Tulsa Geological Society Research Com- 


mittee Project. By N. W. Bass. 930 
, Permian, Microscopic Examination ‘of. ‘Geological Note by Ronald K. 
DeFord. 2181 
Culbertson, J. A. Downdip Wilcox (Eocene) of Coastal Texas and Louisiana . 1891 
Cumings, E.R. Memorial of Joshua William Beede . 1855 
Curry, William H. Recent Shoreline Process, Brazoria County, Texas. "Geological 
Note. . 731 
Cushman, Joseph A. Foraminifera, Their Classification and Economic Use. 
Review by Byron N. Cooper 1498 
Daly, Reginald A., et al. Source Rocks of Petroleum—A Symposium of Opinion. 
Discussion . 496 
Daniel, Orion A., and Lovejoy, ‘ B. Jones County, Texas, Discovery. "Geological 
Note. . 2180 
Darrah, William C. Textbook of Paleobotany. Review by Ronald W. Brown . 750 
David, ‘Lore. Miocene Fishes in Well Cores from Torrance in Southern Califor- 
nia. Geological Note .. 2182 
Dawson, Joseph M. Mississippi Geological Society, December 6-8. Field Trips 2068 
Decker, Charles E. Memorial of Gustavus Edwin Anderson . 1854 
Deep-Sand Developments in Appalachian Region during 1939. By Thurman H. 
970 
Deepest Well in Mid-Continent Region, Washita County, Oklahoma. "Geological 
Note by W. Baxter Boyd. 735 
DeFord, Ronald K. Taadlaite Residues in the Whitehorse and Salado of New 
Mexico. Abstract . é 1699 
, Microscopic Examination of Permian Crude Oils. Geological Note . 2181 
, Permian Conference. Research Notes . 604 
DeFord, Ronald K., and Lloyd, E. Russell. Editorial Introduction to West 
Texas-New Mexico Symposium. Part I : I 
DeGolyer, E. Future Position of Petroleum Geology i in the Oil Industry 1389 
,» Memorial of Edwin Butcher Hopkins . 1851 
Delaware County, Ohio. Paleozoic and Pre- Cambrian Rocks of Vance Well. By 
Wilber Stout and Carl A. Lamey : 672 
de Paiva, Glycon, Reyes, Jorge Mufioz, and Mariaca, Guillermo. ‘Geology of 
Sub-Andean Belt of Bolivia. Review by John L. Rich. 1686 
Deposition of Lissie and Beaumont Formations of Gulf Coast of Texas. By 
R. J. Metcalf . 693 
Development, Oil and Gas Field, in the United States, 1939. By the National Oil 
Scouts and Landmen’s Association. Review by G. S. Dillé 1685 
Developments, Deep-Sand, in Appalachian Region during 1939. By Thurman 
H. Myers . 970 
, in East Texas during 1939. By H. j. McLellan and E. A. Wendlandt 1062 
, in Eastern Interior Basin, 1939 and 1940. By Alfred H. Bell . 959 
, in Michigan during 1939. By R. B. Newcombe . 974 
, in 1939, Gulf Coast of Upper Texas and Louisiana, Review of. By O.L. 
Brace 1079 
, in North and West-Central Texas, 1930. By Karl A. My yedal . , 1044 
, in North Mid-Continent in 1939. By Edward A. Koester aA Robert F. 
Meyer 5 994 
in Oklahoma during 1930. By E. F. Shea . 
, in Rocky Mountain Region in 1939. By C. E. ‘Dobbin . . . 1100, 1347 
, in Southern Arkansas and Northern Louisiana during 1939. By Warren 
B. Weeks and Joseph Purzer. . » 
, in West Texas and Southeastern New Mexico during 1939. By Dana 
M. Secor, W. C. Fritz, and W. W. West. 1033 
, Recent, in Geochemical Prospecting, Critical Survey of. ‘By Sylvain J. 
Pirson 1464 
, Recent, in South Mid-Continent. By Lewis W. MacNaughton . 1025 
’ Significant, in California, 1939. By E. R. Atwill .. III2 
Developments and Status of Oil Reserves in South Texas, 1939. ByL. ‘B. Herring 1069 
Devonian System of West —" Résumé of. iad Paul H. Price and Herbert 
P. Woodward . . 1983 


> 
| 
| 
4 
| 
i 
3 
j 
| 
; 
| 


INDEX OF VOLUME 24 2211 


Diatomaceous Sediments, Marine, The Accumulation of. By Richard H. Flem- 


ing and M. C. Sargent. Abstract . 2194 
Dickey, Robert I. Geologic Section from ‘Fisher County through Andrews 
County, Texas, to Eddy County, New Mexico. ; 37 


Dictionary of Geological Terms. By C. M. Rice. Review by John T. Rouse . 1499 
Dillé, G. S. Review of Oil and Gas Field Development in the United States, 
1939, by the National Oil Scouts and Landmen’s Association . 1685 
Discovery of Oil in Ellenburger Formation, K. M. A. Oil Field, Wichita County, 
Texas. Geological Note by Vernon E. Autry . 


Discussion . 1496, 1128, 1682 
, Geochemical Exploration (Soil Analysis). ‘By E. E. ’ Rosaire, Eugene 

McDermott, R. H. Fash et al... 1434 
Distribution of Cretaceous Ammonoids in Texas Area, Paleoecological Factors 

Controlling. By Gayle Scott . 1164 


Division of Geology and Geography of the National Research Council, "Report 
of the Representative of the Association on. By Frederic H. Lahee. The 


Association Round Table 
Dobbin, C. E. Developments in Rocky Mountain Region i in 1939 i. « \sFROO;3347 
Eighth Annual Report of Committee on Applications of Geology . . 933 


Dodge, John F., Pyle, Howard C., and Trostel, Everett G. The Estimation by 
Volumetric Methods of Recoverable Oil and Gas from Sands. Abstract . 2194 
Dorcheat Pool, Columbia County, Deepest in Arkansas. eres Note —_ H. 


Harold Trager « 938 
Dott, Robert H., e¢ al. Classification of Permian Rocks 337 
Downdip Wilcox (Eocene) of Coastal Texas and Louisiana. By J. "A. Culbertson 1891 
Drilling, Wildcat, in 1939. By Frederic H. Lahee . » 953 
Driver, Herschel L. The Role of Foraminifera in the Oil Industry. Abstract. . 2194 
Dunbar, Carl O. The Type Permian: Its Classification and Correlation . . 237 

s ‘et al. Are the “Omphalotrochus Beds” of the U.S.S.R. Permian? Discus- 
sio 1128 
— “David ‘A. Where Should Young Graduates in Petroleum Geology Acquire 
Field Experience? Discussion. . 2047 
Durham, J. Wyatt. Oeloe Aer Fault Zone, Sumatra. Geological Note . . . 359 
Duval County, Texas, Hoffman Field. By Harvey Whitaker. . = 
Sejita Structure. Geological Note by Carleton D. Speed, Jr. 


~—— Developments in, during 1939. By H. J. McLellan and E. A. Wend- 
t 


1062 
Eastern Interior Basin, ‘Developments i in, 1939 ‘and 1940. “By Alfred H. Bell 959 
, Mississippian Border of. By J. Marvin Weller and A. H. Sutton . 765, 1133 
Eastern Midland Basin, Texas, Stratigraphy. By Lincoln R. Page and John 


Emery Adams . 52 
Easternmost Ventura Basin, California, Stratigraphy of. By R Richard Jahns. 

Review by William S.W. Kew .. : 1841 
Eaton, J. E. Ecologic Factors in Correlation. Abstract. 2196 
Eby, J. Brian. Twenty-Fifth Annual wanes antaals April 10-12, 1940." The 

Association Round Table. 889 
Eckhardt, E. A. Geophysics . 


, Partnership between Geology and Geophysics i in Prospecting for Oil. 1204 
Eckis, Rollin. The Stevens Sand, Southern San Joaquin none California. Ab- 


stract. 2195 
Ecologic Factors in Correlation. By J. E. Eaton. Abstract. 2196 
Economic and Statistical Aspects of the Petroleum Industry. By R. J. Gon- 

zalez et al. Study Group Reports (Houston Geological Society) . 363 
— Paleontologists and Mineralogists, Society of. The Association Round 

able. 894 
Economic Use and Classification of Foraminifera. By Joseph A. Cushman. Re- 
view by Byron N. Cooper. 1498 


Ector County, Texas, South N North Cross Section from Pecos County through, to 
Roosevelt County, New Mexico. By William C. Fritz and James Fitzgerald 15 

Eddy County, New Mexico, Geologic Section from Fisher tnd —— 
Andrews County, Texas, to. By Robert I. Dickey . . 37 


| 
| 
| 
| 
1 
| 
i 
i 
ret 
5 


2212 INDEX OF VOLUME 24 


Editor, Report of. By W. A. Ver Wiebe. 

Editorial Introduction to West Texas-New Mexico Symposium. Part I. By 
Ronald K. DeFord and E. Russell Lloyd . 

Eighth Annual Report of Committee on Applications of Geology. By “— 
Dobbin. . 

Electing Officers, Reports of Committee Studying Methods of. “By W. A. Berger. 
The Association Round Table .. 

Electric Logs, Interpretation and Application of. By R. W. Norton. Abstract . 
Eleventh Annual Meeting, Society of Exploration Geophysicists, Chicago, April 
9, 10, and 11, 1940. Announcement. The Association Round Table. . 
Ellenburger Formation, Discovery of Oil in, K. M. A. Oil Field, Wichita County, 

Texas. Geological Note by Vernon E. "Autry 

Ellisor, Alva C. Subsurface Miocene of en Louisiana 

Ellsworth to Traverse Limestone Section of Southwestern Michigan, Isopachous 
Studies of. By Margaret Stearns Bishop. 

Engineering, Chemical, in Petroleum Exploration and Production. By P. E. 
Fitzgerald . : 

—, Petroleum, as an Aid in Exploration Geology. ‘By C. V. Millikan . 
Eocene, Coal in, near Bakersfield, California. Geological Note by Robert W. 

Clark. 

, Dow ndip Wilcox, of Coastal Texas and Louisiana. By J. ‘A. Culbertson 
"of San Joaquin Valley, California. Foraminiferal Correlations in. By 
Boris Laiming . 

of San Joaquin Valley, California, Some Foraminiferal Correlations in. 
By Boris Laiming. Review by Hubert G. Schenck Pe eA ae 
Eocene Exploration in California. By F. A. Menken . 
Eocene Yokut Sandstone North of Coalinga, California. By Robert T. White . 
Estimation by Volumetric Methods of Recoverable Oil and Gas from Sands. By 
John F. Dodge, Howard C. Pyle and Everett G. Trostel. Abstract 
Executive Committee. American Association of Petroleum Geologists. The 
Association Round Table. 
, Constitutional Committee. The Association Round Table 
’ Survey of Geological Curricula in Universities and Colleges in United 

Executive Committee Meetings . 

Experimental Oil Wells, Water Cones and Water Sheaths in. By F. B. Plummer 
and H. K. Livingston. 

Exploration, Eocene, in California, By F.A. Menken. . 

, Geophysical. By C. A. Heiland. Review by Paul Weaver. 

Exploration and Production, Petroleum, Chemical Engineering in. By P. E. 
Fitzgerald . 

Exploration Geology, Petroleum Engineering as an Aid in. “By C. V. Millikan . 

Exploration Geophysicists, Society of. The Association Round Table . . . 

-———, Society of. Technical Program, April 9. The Association Round Table . 

Exploration Geophysics. By J. J. Jakosky. Review by Paul Weaver. : 
Exploration Methods. Foreword. By A. I. Levorsen : 


Farish, Linn M. Review of Water Supplies in ‘Iraq, by W. A. Macfadyen . 

Fash, R. H. Theoretical Consideration of the Basis for the Use of Soil Analyses in 
Locating Oil Pools. 

Fash, R. H., Rosaire, E. E., McDermott, Eugene, etal. Discussion of Geochemical 
Exploration (Soil Analysis) ane 

Fault, Los Bajos, of South Trinidad, B.W.L. By C. C. Wilson | 

Field Experience, Where Will Young Graduates in Petroleum Geology Acquire 
It? By Frederic H. Lahee_.. 

, Where Should Young Graduates in Petroleum Geology Acquire It? 

Discussion by David A. Dunn 


Field Geologist, California Fossils for the. By Hubert G. Schenck and A. Myra 
Keen. Review by Robert T. White. . 

Field Studies, Recent, in Osage, Washington, and Nowata Counties, Oklahoma, 
Results of. By Malcolm C. Oakes : 


1434 
2102 


1386 
2047 
2186 


716 


919 
I 
933 
195 
2194 
400 
1494 
435 
2150 
‘ 1361 
1370 
1676 
1891 
1923 
2049 
1940 
1722 
2194 | 
894 
602 
602 
913 
: 2163 
1940 
2186 
1361 
1370 
894 
905 
2186 
1353 
751 
1444 


INDEX OF VOLUME 24 2213 

Field Trips . 759,952,1351,1527,1704, 1863, 2064, 2068 
Finances, American Association of Petroleum Geologists. The Association 

Round Table . . . 


Financial Statement, 1939. The Association Round Table 514 
, Division of Paleontology and Mineralogy. The Association RoundTable 519 
Finn, F. H. Our Experience with the Underground Storage of Gas (The Peoples 


Natural Gas Company). Geological Note . 1482 
Fisher County through Andrews County, Texas. Geologic Section from, to Eddy 

County, New Mexico. By Robert I. Dickey . 37 
Fishes, Miocene, in Well Cores from Torrance in 5 Siadhiies California. "Geological 

Note by Lore David . 2182 


FitzGerald, Jr., James, and Fritz, William C. South-North Cross Section from 
Pecos ‘County through Ector County, Texas, to Roosevelt County, New 
Mexico. . 15 
— P. E. Chemical. Engineering i in Petroleum Exploration and Produc- 


tio 1361 
Pleaine, Richard H, and Sargent, M. C. The Accumulation of Marine Diato- 
maceous Sediments. Abstract... . 2194 
Florida, Scenery of. By C. Wythe Cooke. Review by Robert B. Campbell . . 504 
Foraminifera from Marysville Buttes, California, Notes on Some. By M. C. 
Israelsky. Review by Hubert G. Schenck . . 2051 
in Zonal Paleontology. By Bradford C. Adams. lheviow by ‘Hubert G. 
Schenck 2049 
, Role of, in the Oil Industry. By ‘Herschel L. Driver. Abstract . . . 2194 
’ Their Classification and Economic use. By Joseph A. Cushman. Review 
by Byron N. Cooper . 1498 
Foraminiferal Correlations in Eocene of San Joaquin Valley, California. By 
Boris Laiming ._. 1923 
, Some, in the Eocene of the San Joaquin Valley, California. By Boris 
Laiming. Review by Hubert G. Schenck . 2049 
Foreign Geology Conference at Chicago Convention. By Winthrop P. Haynes. 
Research Notes. 604 
Foreword to Exploration Methods. By A. I. Levorsen_ 1353 
Formation of Oil and Bituminous Coals, Réle of Carbohydrates i in. By E. ned. 1865 
Formations, Surface, in Mississippi. Geological Note by Urban B . Hughes, 
Robert R. Harbison, e¢ al. 2033 
Fossils, California, for the Field Geologist. By Hubert G. Schenck and A. Myra 
Keen. Review by Robert T. White. . 2186 


Fourteenth Annual Meeting, Society of Economic Paleontologists ‘and Mineralo- 

gists, Chicago, April 11, 1940. Announcement. The Association Round Table 400 
Franklin Mountains, West Texas, Paleozoic Stratigraphy of. By L. A. Nelson 157 
Fritz, William C., and FitzGerald, Jr., James. South-North Cross Section from 

Pecos County through Ector County, Texas, to Roosevelt County, New 


Mexico. . 15 
Fritz, W. C., Secor, Dana M. ,and West, “ - Developments: in West Texas and 

Southeastern New Mexico during 19 ? 1033 
Frost, V. L. Ramsey Oil Pool, Payne County, Oklahoma - 1995 


Future Position of Petroleum "Geology i in the Oil Industry. By E. DeGolyer . 1389 


Galliher, E. W. Review of Report of the Committee on Sedimentation, 1938- 


1939, by Parker D. Trask e¢ al. . 386 
Gardner, Frank J. Relationship of Unconformities to Oil and Gas Accumulations. 
. South Texas Geological Society. Student Awards . - 2021 
Gardnei, Julia. New Rangia from Upper Miocene of Western Gulf Province . 476 
Gas and Oil Field Development in the United States, 1939. By the National Oil 
Scouts and Landmen’s Association. Review by G. S. Dillé. 1685 
Gas Fields in Kansas, Larger. By J. H. Page . 1779 
Gas Potentialities and Geology of Marysville Buttes. By Harry R. Johnson. 
Abstract . 2195 


Gas Withdrawals and Pressure Decline, Relative Porosity and Permeability of 
Producing Formations of Hugoton Field, as Indicated 
Glenn G. Bartle and Rufus M. Smith . . 1798 


4 


2214 INDEX OF VOLUME 24 


Geochemical Exploration (Soil Analysis) with Some Speculation about the 


Genesis of Oil and Gas Accumulation. By Eugene McDermott. . 8590 
Geochemical Prospecting, Critical Survey of Recent in. Syl 
vain J. Pirson . ‘ 1464 
, for Petroleum. By Esme Eugene Rosaire . 1400 
Geographic Distribution of Members 915 
Geologic Names and Correlations, Report of Committee on. ‘By John G. Bar- 
tram 26 
Geologic Relationships of Crude Oils: Tulsa Geological Society Research Com- e 
mittee Project. By N. W. Bass . 930 
Geologic Section from Fisher County through Andrews County, Texas, to Eddy 
County, New Mexico. By Robert I. Dickey . 37 
Geological Formations, Oil-Field Waters of Wyoming and Their Relation to. By 
J. G. Crawford 
Geological Notes . . 359, ,478, 731, 1126 ,1330, 1475, 1676, 1836, 2032, 2180 
Geological Society of America, Fifty-Third Annual Meeting, Austin, Texas, 
December 26-28, 1940. Announcement. The Association Round Table 1703 
Geological Terms, Dictionary of. By C. M. Rice. Review by John T. Rouse . 1499 
Geologist, Field, California Fossils for the. By Hubert G. Schenck and A. sayin 
Keen. Review by Robert T. White. . , 2186 
Geology, Eighth Annual Report of Committee on Applications of 933 
in the Petroleum Industry. By Wallace E. Pratt . . 1209 
of North America. By Many Authors. Review by W. A. Ver Wiebe 1134 
——— of North-Central Texas. By M. G. Cheney 65 
of the Sub-Andean Belt of "Bolivia. By ( de le Paiva, Jorge Mufioz 
Reyes, and Guillermo Mariaca. Review by John L. Rich 1686 
, Subsurface, of Chester Series in Illinois. By L. E. Workman 209 
” Subsurface, of Iowa (Lower Mississippian) Series in Illinois. By : Nor- 
man Payne 225 
Geology and Gas Potentialities of Marysville Buttes. By Harry R. Johnson. 
Abstract . 2195 
Geology and Geophysics, Partnership between, i in Prospecting for Oil. By E. A. 
Eckhardt 1204 
Geology and Mineral Resources of Washington County, Oklahoma. By Malcolm 
C. Oakes. Review by Joseph L. Borden. “ 2185 
Geophysical Exploration. By C. A. Heiland. Review by Paul Weaver : 2186 
Geophysical Interpretation. By M. H. Billings et al. Study Group Reports (Hous- 
ton Geological Society) 
Geophysical Prospecting for Oil. By L. L. Nettleton. Review by Paul Weaver . 2186 
Geophysics. By E. A. Eckhardt . F + 5397 
, Exploration. By J. J. Jakosky. Review by Paul Weaver. 2186 
, Practical Petroleum, Lecture Notes on. By Garrett Kemp. Review by 
Michel T. Halbouty . 1339 
Geophysics and Geology, Partnership between, i in Prospecting for Oil. By E. A. 
Eckhardt . . 
Gill, J. P. Bonita Discovery, Montague County, Texas. Geological Note . 1838 
Ginter, Roy. Review of Inferences about Origin of Oil as Indicated by Composi- 
tion of Organic Constituents of Sediments, by Parker D. Trask . . 506 
Girén (Jurassic-Cretaceous) Beds in Colombia and Venezuela. By Victor Oppen- ‘ 
heim. 1611 
Gladwin County, Michigan, Buckeye Oil Field. ‘By Carl C. Addison. 1950 
— R. J., et al. Economic and Statistical Aspects of the Petroleum Indus- 
try. Study Group Reports (Houston wrk Society) . 363 
Goodman, Clark, Bell, K. G., and Whitehead, W. L. Radioactivity of Sediment- 
ary Rocks and Associated Petroleum. 1529 
Graduates in Petroleum Geology, Young, Where Will ‘They Acquire Field Ex- 
perience? By Frederic H. Lahee . 1386 
. Discussion by David A. Dunn . 2047 
Gravity Observations, Recent, in Southeastern Oklahoma, Structural Interpre- 
tation of. By Thomas A. Hendricks 2143 
Gravity Prospecting, Quantitative Introduction to. “By Frederic Romberg. 
Abstract 
2 


Grénland 1939. By ( cs: Wegmann et al. Review by Robert Balk . 


3 
? 
j 
| 
| 
4 
a 
\ 


INDEX OF VOLUME 24 


Gulf Coast of Texas, Deposition of Lissie and Beaumont Formations of. By 


2215 


R. J. Metcalf . . 693 
of Upper Texas and Louisiana, Review of ‘Developments i in 1930. By 
O.L. Brace. 1079 
Gulf Coast Sediments, Louisiana and Texas, Heavy-Mineral “Zones of. By 
William M. Cogen 2069 
Gulf Province, Wen, New Rangia from Upper Miocene of. By Julia Gardner 476 
—_ — M. Aspermont Pool Discovery, Stonewall County, Texas. Geological 
1839 
Halbouty, Michel T. Review of Lecture Notes on Practical Petroleum Geophys- 
ics, by Garrett Kemp . 1339 
Halbouty, Michel T., e¢ al. Sedimentation. Study Group Reports (Houston 
Geology Society). 374 
Handbook of Rocks, By J. F. Kemp. “Review by W. C. Krumbein ; 1498 
Harbison, Robert R., Hughes, Urban B., e¢ al. Surface Formations in Mississippi. 
Geological Note. 2033 
Hardison, George P. Henderson Pool Discovery, Clay ‘County, Texas. Geologi- 
cal Note. 1495 
Haynes, Winthrop P. Foreign Geology Conference at Chicago Convention. 
Research Notes . 604 
Heavy-Mineral Correlation of Some Permian Sedimentary Rocks, New South 
Wales, Possibilities of. By Dorothy Carroll. 636 
. Discussion by H. G. Raggatt and Irene Crespin as . 1682 
a Zones of Louisiana and Texas Gulf Coast Sediments. By William 
ogen . . 2069 
Heck, E. Barium in Appalachian Salt Brines. Geological Note . . . 486, 887 
. Hydrogenation of Oil: Suggested Natural Source of Hydrogen. Geologi- 
cal Note. 1475 
Heiland, C. A. Geophysical Exploration. "Review by Paul Weaver | . . . 2180 
Henderson Pool Discovery, Clay County, Texas. Geological Note by George P. 
Hardison . - 1495 
Hendricks, Leo. A Study of Surface Stratigraphy of Ellenburger Formation of- 
Texas. Abstract . . 1698 
Hendricks, Thomas A. Structural Interpretation of Recent Gravity Observa- 
tions in Southeastern Oklahoma 2143 
Heroy, William B. Report of Constitutional Committee 923 
Herring, L. B. Developments and Status of Oil Reserves in South Texas, 1939 1069 
History and Structures of Antillean-Caribbean Region, Paleogene of Barbados 
and Its Bearing on. By Alfred Senn 1548 
Hoffman, Malvin G. Structural History of Billings Field, Noble County, 0 Okla- 
homa, Interpreted in Terms of Isostasy . 2006 
Hoffman Field, Duval County, Texas. By Harvey Whitaker. 2126 
Holt ‘‘Pay,” Ector County, Texas, Insoluble-Residue one of. ¥ Taylor Cole 
and C. M. Linehan. Abstract. ; 1700 
Hopkins, Edwin Butcher. Memorial by E. DeGolyer ; 1851 
Houston tig ig" Society. Economic and Statistical Aspects of the Petroleum 
Industry, by R. J. Gonzales et al. —t Group Reports. 363 
, Geophysical Interpretation, by M. H. Billings e¢ al. Study Group. Re- 
, Notes on the Frio, ‘by. M. C. ‘Tsraelsky. “Study, Group Reports : 376 
” Sedimentation, by Michel T. Halbouty et al. Study Group Reports . 374 
Burgess ‘and Charles Roberts, Jr. Student Awards . . .2020,2021 
Howard, W. V. Review of This Fascinating Oil Business, by Max W. Ball 883 
Hudson, F. S., and White, G. H. Thrust Faulting and Coarse Clastics in Temblor 
Range, California. Abstract . 2193 
Hughes, Urban B., Harbison, Robert R, et al. Surface Formations in Missis- 
sippi. Geological Note : 2033 
Hugoton Field, Kansas, Relative Porosity and Permeability of Producing For- 
mations of, as Indicated by Gas Withdrawals and Pressure Decline. By 
Glenn G. Bartle and Rufus M. Smith . 1798 
Hydrogenation of Oil: ners Natural Source of | Hydrogen. Geological Note 
by E. T. Heck . 1475 


| 
| 
] 


2216 INDEX OF VOLUME 24 


Illinois, Subsurface Geology of Chester Series in. By L.E. Workman . 209 
———, Subsurface Geology of Iowa (Lower Mississippian) Series in. . By J 
Norman Payne. 225 
Illinois Geological Society. The Association Round Table 804 
Inferences about Origin of Oil as Indicated by Composition of Organic Constitu- 
ents of Sediments. By Parker D. Trask. Review by Roy Ginter. . . 506 
Inglewood Oil Field, Recently Discovered Deep Miocene Production in. By 
A. F. Woodword. Abstract. 195 
Insoluble-Residue Study of the Holt “Pay, ” Ector County, Texas. ‘By Taylor 
Cole and C. M. Linehan. Abstract . 
Insoluble Residues in the Whitehorse and Salado of New Mexico. By ‘Ronald 
K. DeFord. Abstract. . . 1699 
Institute of Petroleum. Oil Shale and Cannel Coal. Review by Hugh D. Miser . 388 
Interior Basin, Eastern, Mississippian Border of. By J. Marvin Weller and A. H. 
Sutton . 765, 1133 
Interior Salt Domes, Three New, i in Northeastern Louisiana. Geological Note 
by Max Bornhauser and Lester R. Marshall « 283 
Interpretation and Application of Electric Logs. By R. W. Norton. Abstract . 2194 
Iowa, Log of Wildcat Well, Union County. Geological Note by W. E. McHugh . 1495 
Iowa (Lower Mississippian) Series in Illinois, Subsurface Geology of. By J. 
Norman Payne 225 
‘Iraq, Water Supplies i in. By W. A. Macfadyen. Review by Linn M. Farish 751 
Isopachous Studies of Ellsworth to Traverse Limestone Section of Southwestern 
Michigan. By Margaret Stearns Bishop 2150 
Isostasy, Structural History of Billings Field, Noble County, ‘Oklahoma, Inter- 
preted in Terms of. By Malvin G. Hoffman : 2006 
Israelsky, M. C. Notes on Some Foraminifera from Marysville Buttes, Califor- 
nia. Review by Hubert G. Schenck. . 2051 
. Notes on the Frio. Study Group Reports (Houston Geological Society) 376 
Jahns, Richard H. Stratigraphy of Easternmost Ventura ait — 
Review by William S. W. Kew . 1841 
Jakosky, J. J. Exploration Geophysics. Review by Paul Weaver. 2186 
Jones County, Texas, Discovery. Geological Note by Orion A. Daniel and j. B. 
Lovejoy 2180 
Johnson, Harry R. Geology ‘and Gas Potentialities of Marysville ‘Buttes. 
Abstract. 2195 
Jurassic-Cretaceous (Girén) Beds in Colombia and Venezuela. By Victor Oppen- 
heim. 1611 
K. M.A. Oil F ield, Wichita of Oili in llenburger 
mation. Geological Note by Vernon E. Autry 1494 
Kansas, Larger Gas Fields in. By J. H. Page 1779 
, Relative Porosity and Permeability ‘of Producing Formations of Hugo- 
ton Field, as Indicated by Gas Withdrawals and Pressure Decline. By 
Glenn G. Bartle and Rufus M. Smith . . 1798 
Kansas Geological Society, August 26-September 1 x; 1940. Field Trips . 1352, 1528 
Keen, A. Myra. The Percentage Method of Stratigraphic Dating. Review by Hu- 
bert G: Schenck. 2051 
Keen, A Myra, and Schenck, Hubert G. California Fossils for the Field Geolo- 
gist. Review by Robert T. White . 2186 
Kemp, Garrett. Lecture Notes on Practical ‘Petroleum Geophysics. Review by 
Michel T. Halbouty .. 1339 
Kemp, J. F. A Handbook of Rocks. Review by 'W. C. Krumbein 1498 
Kennedy, L. E. Memorial of Jerome Archibald Chevalier. 2060 
Kern County, California, Paloma Oil Field. Geological Note by R. W. Clark . 742 
, Rio Bravo Oil Field. Geological Note by Earl B. Noble. . . 1330 
’ Strand Oil Field. Geological Note by F. A. Menken . 1333 
Kettleman Hills North Dome, California, Models of. Geological Note by John H. 
Maxson . 740 
Kew, William S. W. Review of Stratigraphy of Easternmost Ventura Basin, 
California, by Richard H. Jahns 1841 


King, Philip B. Older Rocks of Van Horn Region, Texas 


Discussicn 


I 
, Robert E. Are the ili ccoriapiagin Beds” of the U.S.S.R. Permian? 


1128 


INDEX OF VOLUME 24 2217 
Knight, J. Brookes, et al. Are the “Omphalotrochus Beds” of U.S.S.R. Permian? 
Discussion . 1128 
Knop!, Adolph, e¢ al. Source Rocks of Petroleaum—A Symposium of Opinion. 
Discussion . 496 
Koester, Edward A, and Meyer, Robert F. ‘Developments in in North Mid-Con- 
tinent in 1939 . 904 
Kroenlein, George Alfred. Memorial . 1521 
Krumbein, W. C. Review of a Handbook of ‘Rocks, by if: F. Kemp . 1498 
Lahee, Frederic H. Memorial of Denald C. Barton : 1521 
. Report of the Representative of the Association on Division of Geology 
and Geography of National Research Council. The Association Round 
Table . . 1148 
. Report of Representative to National Research Council . 938, 1507 
—— —. Where Will Young Graduates in Petroleum Acquire Field 
Experience? . 1386 
. Wildcat Drilling i in 1930 . 953 
Laiming, Boris. Foraminiferal Correlations in Eocene of San Joaquin "Valley, 
California 1923 
Some Foraminiferal Correlations in the Eocene of the San Joaquin 
Valley, California. Review by Hubert G. Schenck : 2049 
Lamey, Carl A., and Stout, Wilber. Paleozoic and Pre- Cambrian Rocks of 
Vance Well, "Delaware County, Ohio 672 
Larger Gas Fields in Kansas. By J.H. Page . 1779. 
Larsen, Esper S., e¢ al. Source Rocks of ink Symposium of Opinion. 
Discussion 496 
Lecture Notes on Practical Petroleum Geophysics. By Garrett Kemp. Review 
by Michel T. Halbouty . 1339 
Leighton, M. M. Address of Welcome at the Twenty-Fifth Annual Meeting of 
the Association . 1157 
LeVene, Clara M., and Schuchert, Charles. O. C. Marsh, Pioneer in Paleontol- 
ogy. Review by W. H. Twenhofel , 1684 
Levorsen, A. I. Exploration Methods. Foreword 1353 
Petroleum Geology 1355 
. Report of Chairman of Research Committee . 927 
Lewis, ‘Frank E. Position of the San Andres Group, West Texas and New 
Mexico. Abstract .. 1699 
Ley, Henry A. Occupational Survey of Membership. “The Association Round 
Table . 194 
. Report of President 907 
. Response to Address of Welcome at the Twenty-Fifth Annual Meeting 
of the Association . 1159 
_ Student Awards. The Association Round Table 194 
. This Association . 1162 
Limestone, Paleozoic, of Turner Valley, “Alberta, Canada. By W. D.C. Mac- 
kenzie . 1620 
Linehan, C. M., and Cole, Taylor. Insoluble-Residue Study of the Holt “Pay, ” 
Ector County, Texas. Abstract . - 1700 
Link, T. A., e¢ al. Source Rocks of Petroleum—A Symposium of Opinion. Dis- 
cussion . 496 
Lissie and Beaumont Formations of Gulf Coast of Texas, Deposition of. By 
R. J. Metcalf .. 693 
Livingston, H. K., and Plummer, F. B. Water Cones and Water Sheaths in 'Ex- 
perimental Oil Wells . 2163 
Lloyd, E. Russell, and DeFord, “Ronald K. Editorial Introduction to West 
Texas-New Mexico Symposium. Patel I 
Log of Wildcat Well, Union County, Iowa. Geological Note by W. E. McHugh . 1495 
Los Bajos Fault of South Trinidad, B. W. I. By C. C. Wilson. 2102 
Louisiana, Neale Field, Beauregard Parish. Geological Note by H. V. Tygrett . 2036 
, Northeast, Three New Interior Salt Domes in. _—* Note by Max 
Bornhauser and Lester R. Marshall. . 483 
, Northern, and Southern Arkansas, Developments i in, during 1959. By 
Warren B. Weeks and Joseph Purzer . . 1092 
, Southern, Subsurface Miocene of. By Alva C. Ellisor 435 


4 
4 


2218 INDEX OF VOLUME 24 


Louisiana and Coastal Texas, Downdip Wilcox (Eocene) of. By J. A. Culbertson 1891 
Louisiana and Texas, Sparta-Wilcox Trend. By John D. Todd and Frank C. 


Roper . 
2 and Texas Gulf Coast Sediments,  Heavy-Mineral “Zones of. By 
William M. Cogen 2069 
Louisiana and Upper Texas, Review of Developments i in Gulf Coast of, in 1939. 
By O. L. Brace. 1079 
Lovejoy, J. B., and Daniel, Orion A. Jones County, Texas, Discovery. Geo- 
logical Note : 2180 
Lower Mississippian Age, Probable, of Caballos Novaculite, "New Mexico. 
Geological Note by C. L. Baker 1679 
Lower Ordovician Sandy Zones (‘‘St. Peter”) i in Middle Tennessee. By Kendall 
E. Born 1641 
Lynch, S. A. Coéperation between Advanced Students and Men of the Petroleum 
Industry. Research Notes . . 604 
McDermott, Eugene. Geochemical Exploration (Soil Analysis) with Some Specu- 
lation about the Genesis of Oil and Gas Accumulation . . 859 
McDermott, Eugene, et al. Source Rocks of Petroleum—A Symposium of Opin- 
ion. Discussion. 496 
McDermott, Eugene, Rosaire, E.E. Fash, R.H. etal. Discussion of Geochemical 
Exploration (Soil Analysis) 1434 
Macfadyen, W. A. Water Supplies in ‘Traq. Review by Linn M. Farish |. 751 


McHugh, W. E. Log of Wildcat Well, Union County, Iowa. Geological Note . 1495 
Mackenzie, W. D. C. Paleozoic Limestone of Turner Valley, Alberta, Canada . 1620 
McLellan, H. J., and Wendlandt, E. A. Developments in East Texas during 1939 1062 
MacNaughton, ‘Lewis W. Recent Developments in South Mid-Continent . . 1025 
Manufacturers Light and Heat Company, The, Pittsburgh, Pennsylvania, Our 
Experience with Underground Storage of Gas. Geological Note by E. O. 


Schillhahn 1478 
Mariaca, Guillermo, de Paiva, Glycon, and Reyes, Jorge Mujioz. Geology of 
Sub-Andean Belt of Bolivia. Review by John L. Rich . 1686 
Marine Diatomaceous Sediments, The Accumulation of. By Richard H. Flem- 
ing and M. C. Sargent. Abstract. 2194 
Marsh, O. C., Pioneer in Paleontology, By Charles Schuchert and Clara M. 
LaVene. Review by W. H. Twenhofel . 1684 
Marshall, Lester R., and Bornhauser, Max. Three New Interior Salt Domes in 
Northeast Louisiana. Geological Note . 483 
Marysville Buttes. California, Notes on Some Foraminifera from. “By M. C. 
Israelsky. Review by Hubert G. Schenck . . . 2051 
, Geology and Gas Potentialities of. By Harry R. Johnson. Abstract . 2195 
Matson, George Charlton. Memorial by W. B. Wilson. 606 
Maxson, , John H. Models of Kettleman Hills North nie California. Geological 
Note : “ 740 


ne Applications Approved for Publication : 

19113961400, 510, 756,888, 1139, 1343, 1503, 1691, 1847, 2056, 2192 
, Additional. . « 7§8,1142,1507,1850, 2057, 2199 
Membership Data... 
Membership List, Association, “March 6, ‘1940. The Association Round Table . 523 
, Supplementary, September 1 ‘; aati The Association Round Table . 1694 


Memorials. By Ed. W. Owen. . H 1160 
Menken, F. A. Eocene Exploration in California. 
- Strand Oil Field, Kern County, California. Geological Note . 1333 
Metcalf, oe & Deposition of Lissie and Beaumont Formations of Gulf Coast of 
Texas. 693 
eee Percentage, of Stratigraphic Dating. By A. “Myra Keen. Review by 
Hubert G. Schenck. 2051 
Methods of Electing Officers. Reports of Committee Studying. By W. A. Berger. 
The Association Round Table. 195 
Meyer, Robert F., and Koester, Edward A. ‘Developments in North Mid- 
Continent in 1939 F 994 


Michigan, Buckeye Oil Field, Gladwin County. ‘By Carl Addison 


INDEX OF VOLUME 24 


, Developments in, during 1939. By R. B. Newcombe __.. 
, Southwestern, Isopachous Studies of Ellsworth to Traverse Limestone 


2219 


974 


Section of. By Margaret Stearns Bishop 2150 
Microscopic Examination of Permian Crude Oils. Geological Note by Ronald K. 

DeFord. . 2181 
Mid-Continent, North, ‘Developments i in, in 1939. By Edward A. Koester and 

Robert F. Meyer 994 

, South, Recent Developments i in. “By Lewis W. MacNaughton «. fO85 
Mid-Continent Region, Washita County, Oklahoma, Deepest Well in. Geologi- 

cal Note by W. Baxter Boyd. 735 
Midland Basin, Eastern, Texas, Stratigraphy. By Lincoln R. Page and John 

Emery Adams... 52 
Millikan, fa V. Petroleum Engineering as an Aid in Exploration Geology . . 1370 
Mimeographed Publications, Committee on. By L. C. Snider. The Association 

Round Table 1145 
Mineral Resources and Geology of Washington County, Oklahoma. By Malcolm 

C. Oakes. Review by Joseph L. Borden. 2185 
Mineralogy and Paleontology Division, Financial Statement, 1930. “The Asso- 

ciation Round Table .. 519 
Minnesota, East-Central, Pre- Cambrian and Cambrian Relations i in. "Geological 

Note by A: J. Crowley and G. A. Thiel 744 
Minutes, Twenty-Fifth Annual Meeting, Stevens Hotel, Chicago, Illinois, April 

10-12, 1940. By Ed. W. Owen. The Association Round Table. . 906 
Miocene, Subsurface, of Southern Louisiana. By Alva C. Ellisor 435 

, Upper, of Western Gulf Province, New Rangia from. By Julia Gardner 476 
Miocene Fishes in Well Cores from Torrance in Southern California. Geological 

Note by Lore David . 2182 
Miocene Production, Deep, Recently Discovered in the ‘Inglewood Oil Field. 

By A. F. Woodword. Abstract 2195 
Miser, 1 Hugh D. Review of Oil Shale and Cannel Coal, by Institute of Petroleum 388 
Mississippi, Surface Formations in. Geological Note by Urban B. Hughes, 

Robert R. Harbison, ef al... 2033 
Mississippi Geological Society, Cretaceous Field Trip, May 3 4 and 5 r940. 

Announcement. The Association Round Table 

, December 6-8. By Joseph M. Dawson. Field Trip 2068 
Mississippian, Lower (Iowa) Series in Illinois, Sa lll Geology of. By J. 
Norman Payne. 225 
, Probable Age of Caballos Novaculite, New Mexico. Geological Note 

by C.L. Baker. . 1679 
Mississippian Border of Eastern Interior Basin. ‘By ie Marvin Weller and A. H. 

Sutton . 765,1133 
Models of Kettleman Hills North Dome, California. "Geological Note by John H. 

Maxson. . 740 
Montague County, Texas, Bonita Discovery. Geological Note by J. 'P. Gill 1838 

, Rogers Pool. Geological Note by G.C. Clark. . . 1836 

Moore, Carl A. Morrow Group of Adair County, Oklahoma . 409 

Moore, Raymond C. Carboniferous-Permian Boundary . . 282 

Moore, Raymond C., et al. Classification of Permian Rocks . 337 

Morrow Group of Adair County, Oklahoma. By Carl A. Moore . ; . 409 
eae’ “meen H. Deep-Sand Developments in Appalachian — during 

970 

Myginl” Karl A. Developments in North and West-Central Texas, 1939 : 1044 
National Oil Scouts and Landmen’s Association. = oy Gas Field om 

in the United States, 1939. Review by G. S. D 1685 
National Research Council, Report of it of the Association on Divi- 

sion of Geology and Geography of. By Frederic H. Lahee. The Association 

Round Table. 1148 

, Report of Representative to. By Frederic H. “Lahee. The Association 

Round Table . 938 
Neale Field, Beauregard Parish, Louisiana. Geological Note by H. Ve Tygrett . 2036 
Nedom, Henry Arthur. Memorial by Earl G. Colton . 


2220 INDEX OF VOLUME 24 


Needham, C. E. Correlation of Pennsylvanian Rocks of New Mexico . 

Nelson, L. A. Paleozoic Stratigraphy of Franklin Mountains, West Texas . 

Nettleton, L. L. Geophysical Prospecting for Oil. Review by Paul Weaver . 

New Interior Salt Domes, Three, in Northeast Louisiana. Geological Note ed 
Max Bornhauser and Lester R. Marshall . 

New Mexico, Correlation of Pennsylvanian Rocks of. By C. E. Needham . ; 

, Geologic Section from Fisher County through Andrews County, Texas, 

to Eddy County. By Robert I. Dickey 

, Insolubie Residues in the Whitehorse and Salado of. By Ronald K. 

DeFord. Abstract . 

, Probable Lower Mississippian Age of Caballos Novaculite. "Geological 

Note by C.L. Baker ._. 

South-North Cross Section from Pecos ‘County through Ector County, 

Texas, to Roosevelt County. By William C. Fritz and James FitzGerald, Jr. 

, South-North Cross Section from Pecos County through Winkler County, 

Texas, to Roosevelt County. By E. Hazen Woods P 

, Southeastern, and West Texas, —e in, during 1930. By Dana 
M. Secor, W. C. Fritz, and W. W. West. 

New Mexico and West Texas, Position of a San Andres Group. By Frank E. 
Lewis. Abstract 

New Mexico Bureau of Mines and Mineral Resources, November 2-3. Field 

New Mexico-West Texas Symposium. PartI . 

New Rangia from Upper Miocene of Western Gulf Province. ‘By Julia Gardner 

New South Wales, Possibilities of Heavy-Mineral Correlation of Some Permian 
Sedimentary Rocks. By Dorothy Carroll 

, Discussion by H. G. Raggatt and Irene Crespin . ee 

New Zone in Cook Mountain Formation, the Crassatella texalta Harris—Turri- 
tella cortezi Bowles Zone. By H. B. Stenzel . iG ho aa) 

Newcombe, R. B. Developments in Michigan during 1939 : 

Noble, Earl B. Rio Bravo Oil Field, Kern County, California. Geological Note 

Noble County, Oklahoma, Structural History of Billings Field, Interpreted in 
Terms of Isostasy. By Malvin G. Hoffman . . : 

North and West-Central Texas, Developments in, 1939. By Karl A. "Mygdal : 

North America, Geology of. By Many Authors. Review by W. A. Ver Wiebe . 

North Mid-Continent, Developments in, in 1939. By Edward A. Koester and 
Robert F. Meyer . : 

North Texas Geological Society, Field Trip, May 2 25-26 3 

Northeast Louisiana, Three New Interior Salt Domes in. - Geological Note e by 
Max Bornhauser and Lester R. Marshall 

Northeastern Ohio Geological Society, Field Trip ; 

Norton, R. W. Interpretation and Application of Electric Logs. Abstract . 

Notes on Some Foraminifera from Marysville Buttes, California. By M. C. 
Israelsky. Review by Hubert G. Schenck 

, on the Frio. By M. C. wind Study Group Reports (Houston Geo- 
logical Society) . 

Novaculite, Caballos, New Mexico, "Probable Lower Mississippian Age of. 
Geological Note by C. L. Baker. 

Nowata, Osage, and Washington Counties, Oklahoma, Results of Recent Field 
Studies in. By Malcolm C. Oakes . ; 

Nueces County, Texas, Saxet Oil and Gas Field. By ‘. C. Poole | 


O. C. Marsh, Pioneer in Paleontology. By Charles Schuchert and Clara M. 
Le Vene. Review by W. H. Twenhofel.  . 

Oakes, Malcolm C. Geology and Mineral Resources of Washington County, 

Oklahoma. Review by Joseph L. Borden . 

. Results of Recent Field Studies in Osage, Washington, and Nowata 
Counties, Oklahoma ‘ 

Occupational ‘Survey of Membership. By Henry A. Ley. The Association Round 
Table. 

Oeloe Aer Fault Zone, Sumatra. Geological Note by j. Wyatt Durham . 

Officers of the Association, Past and Present. The Association Round Table . 


| 
173 
157 
2186 
483 
173 
37 
1699 
1679 
15 
29 3 
1033 
1699 
1863 
476 
636 
1682 
1663 
974 
1330 
2006 
1044 
1134 
994 1 
952 
483 
952 
2194 
2051 
376 
1679 
716 
1805 
1684 : 
2185 
716 
194 
359 


INDEX OF VOLUME 24 


, Reports of Committee Studying Methods of Electing. By W. A. Berger. 
The Association Round Table © . 
Ohio, Paleozoic and Pre-Cambrian Rocks of Vance Well, Delaware County. By 
Wilber Stout and Carl A. Lamey 
, Recent Secondary Recovery of Oil in. Geological Note by E. V. 
O’Rourke 
Oil, Geophysical Prospecting for. By L. L. Nettleton. Review by Paul Weaver 
in Ohio, Recent Secondary Discovery of. Geological Note by R. V. 
O’Rourke . 
Oil and Bituminous Coals, Réle of Carbohydrates i in Formation of. By E. Berl 
Oil and Gas Accumulation, Geochemical Exploration (Soil Analysis) with Some 
Speculation about the Genesis of. By Eugene McDermott . 
Oil and Gas Accumulations, Relationship of Unconformities to. By Frank J. 
Gardner. Student Awards. 
Oil and Gas Field Development in the United States, 1999. By the National Oil 
Scouts and Landmen’s Association. Review by G. S. Dillé 
Oil Business, This Fascinating. By Max W. Ball. Review by W. V. Howard 
Oil Field, Buckeye, Gladwin County, Michigan. By Carl C. Addison . . 
Oil-Field Waters of Wyoming and Their Relation to Geological Formations. By 
J.G. Crawford. 
Oil Industry, Future Position of Petroleum ‘Geology i in. By E. DeGolyer - 
, Réle of Foraminifera in. By Herschel L. Driver. Abstract ._. 
Oil Reserves in South Texas, Developments and Status of, 1939. By ice 
Herring 
Oil Shale mt Cannel Coal. By Institute of Petroleum. Review by Hugh D. Miser 
Oil Wells, Experimental, Water Cones and Water Sheaths in. By F. B. Plummer 
and H. K. Livingston... 
Oklahoma, Deepest Well in Mid- Continent Region, Washita County. Geological 
Note by W. Baxter Boyd. ee 
, Developments in, during 1930. By E.F.Shea . 
, Geology and Mineral Resources ft Washington County. By Y Malcolm 
C.’Oakes. Review by Joseph L. Borden. 
———,, Morrow Group of Adair County. By Carl A. Moore . 
” Ramsey Oil Pool, Payne County, By V.L. Frost. 
, Results of Recent Field Studies in Osage, Washington, and Nowata 
Counties. By Malcolm C. Oakes 
, Southeastern, Structural Interpretation of Recent Gravity Observations 
in. "By Thomas A. Hendricks 
, Structural History of Billings Field, Noble ‘County, Interpreted i in 
Terms of Isostasy. By Malvin G. Hoffman . . 
Older Rocks of Van Horn Region, Texas. By Philip B. King 
Olson, W. S. Seismic Velocity Variations in the San Joaquin Valley. “Abstract . 
“Omphalotrochus Beds of U.S.S.R., Are They Permian?” By J. Brookes Knight, 
et al. Discussion. 
— Victor. Jurassic-Cretaceous ‘(Girén) Beds in Colombia and Vene- 
zuela 
Ordovician, Lower, Sandy Zones (St. Peter”) i in Middle Tennessee. By Kendall 
. Born 
Ordovician Development, “Apco Structure, Pecos County, Texas. "Geological 
Note by Taylor Cole . 
Organic Constituents of Sediments, Inferences about Origin of Oil as Indicated 
by Composition of. By Parker D. Trask. Review by Roy Ginter . 
Origin - Oil as Indicated by Composition of Organic Constituents of Sediments, 
Inferences about. By Parker D. Trask. Review by Roy Ginter . 
ate 0 . Accumulation of Petroleum, Fourth Annual Report of Study of Time 
y F. M. Van Tuyl and Ben H. Parker 4 
ine E. V. Recent Secondary Recovery of Oil in ‘Ohio. Geological Note . 
Osage, Washington, and Nowata Counties, Oklahoma, Results of Recent Field 
Studies in. By Malcolm C. Oakes. 
Our Experience with the Underground Storage of Gas (The Manufacturers Light 
and Heat Note E. 0. 
Schillhahn .. 


2221 


195 
672 


494 
2186 


494 
1865 


859 
2022 


1685 

883 
1950 
1214 
1389 
2194 


1069 
388 


2163 


735 


2185 
409 
1995 
716 
2143 
2006 
143 
2195 
1128 
1611 
1641 
478 
506 
506 


929 
494 


> 9x6 


1478 


| 
< 


2222 INDEX OF VOLUME 24 


Our Experience with the Underground Storage of Gas (The onan Natural 
Gas Company). Geological Note by F. H. Finn . 
Owen, Ed. W. Association Finances. The Association Round Table . 
. Memorials... 
. Minutes, Twenty-Fifth Annual Meeting, Stevens Hotel, Chicago, ‘Thi- 
nois, April 10-12, 1940. The Association Round Table . . 
_ Report (Minutes) of Business Committee . 
. Report of Secretary-Treasurer 


Pacific Section Seventeenth Annual Meeting, November 7-8, E. 
Bartosh. The Association Round Table. . : 
. Abstracts. The Association Round Table . 
Page, J. H. Larger Gas Fields in Kansas_. 
Page, Lincoln R., and Adams, John Emery. Stratigraphy, ‘Eastern Midland 
Basin, Texas. : 
Page Field in Schleicher County, Texas. By Roscoe Simpson. Abstract. 
Paiva, Glycon de, Reyes, Jorges Mufioz, and Mariaca, Guillermo. Geology of 
Sub-Andean Belt of Bolivia. Review by John L. Rich. 
Paleobotany, Textbook of. By William C. Darrah. Review by Roland W. Brown 
Paleoecological Factors Controlling Distribution of Cretaceous Ammonoids in 
Texas Area. By Gayle Scott . . 
Paleogene of Barbados and Its Bearing on History and Structure of Antillean- 
Caribbean Region. By Alfred Senn 
Paleontologists and Mineralogists, Society of Economic. Technical 1 Program, 
April 11. The Association Round Table 
Paleontology, Applied. By Hubert G. Schenck . 
. C. Marsh, Pioneer in. By Charles Schuchert and Clara M. LeVene. 
Review by W. H. Twenhofel — . 
, Zonal, Foraminifera in. By Bradford C. Adams. Review by Hubert G. 
Schenck 
Paleontology and Mineralogy Division, Financial Statement, 1939. “The Asso- 
ciation Round Table . 
Paleozoic and Pre-Cambrian Rocks of Vance Well, Delaware County, Ohio. 
By Wilber Stout and Carl A. Lamey . 
Paleozoic Limestone of Turner Valley, Alberta, Canada. By W. D. C. Mackenzie 
Paleozoic Section, Upper, of Chinati Mountains, Presidio County, Texas. - 
John W. Skinner. 
Paleozoic Stratigraphy of Franklin Mountains, West Texas. By L. A. Nelson . 
Paloma Oil Field, Kern County, California. Geological Note by R. W. Clark . 
Parker, Ben H., and Van Tuyl, F. M. Fourth Annual Report of Study of Time of 
Origin and Accumulation of Petroleum. 
Sa Geology and Geophysics in Prospecting for Oil. By E. A. 
Eckhardt . . 
Past and Present Officers of the Association. The Association Round Table . 
ee J. Norman. Subsurface Geology of Iowa (Lower sceatieiaied Series in 
Illinois . 
Payne County, Oklahoma, Ramsey Oil Pool. By V.L. Frost. 
Pecos County, Texas, Ordovician Development, Apco Structure. "Geological 
Note by Taylor Cole. . 
through Ector County, Texas, ‘South-North Cross Section from, to 
Roosevelt County, New Mexico. By William C. Fritz and James Fitz- 
Gerald, Jr. . 
through Winkler County, Texas, South-North Cross Section from, to 
Roosevelt County, New Mexico. By E. Hazen Woods . sas 
Pennsylvanian Rocks of New Mexico, Correlation of. By C. E. Needham . 
Peoples Natural Gas Company, The, Our Experience with Underground Storage 
of Gas. Geological Note by F.H. Finn. . 
Percentage Method of Stratigraphic Dating. By A. Myra Keen. Review by 
Hubert G. Schenck 
Permeability and Porosity, Relative, of Producing Formations of Hugoton 
Field, Kansas, as Indicated by Gas Withdrawals and Pressure Decline. —~ 
Glenn G. Bartle and Rufus M. Smith . : 


1482 
198 
1160 


906 
923 
gi2 


2192 
2192 
1779 
52 
1698 
1686 
75° 
1164 
1548 


go2 
1752 


1684 
2049 
519 


672 
1620 


180 
157 
742 
929 


1204 
603 


225 
1995 


478 


15 


29 
173 


1482 


2051 


1798 


INDEX OF VOLUME 24 


Permian, Association Subcommittee on. Classification of Permian Rocks, by 
C. W. Tomlinson e¢ al. 

in Parts of Rocky Mountain and Colorado Plateau Regions. ‘By Arthur 

A. Baker and James Steele Williams 2 

, The Type: Its Classification and Correlation. By CarlO. Dunbar. . 

Permian? Are the “Omphalotrochus Beds” of U.S.S.R. By J. Brookes am. 
et al. Discussion. : 

Permian-Carboniferous Boundary. By Raymond C. Moore 

Permian Conference. By Ronald K. DeFord. Research Notes 

Permian Crude Oils, Microscopic Examination of. —- Note by Ronald 
K. DeFord. . 

Permian Rocks, Classification of. By c W. Tomlinson et al. . 

Permian Sedimentary Rocks, New South Wales, Possibilities of of Heavy-Mineral 
Correlation of Some. By Dorothy Carroll . 

. Discussion by H. G. Raggatt and Irene Crespin . ; 

Petroleum, Geochemical Prospecting for. By Esme Eugene Rosaire . : 

, Radioactivity of Sedimentary Rocks and Associated. By K. G. Bell, 

Clark, Goodman, and W. L. Whitehead. 

= , Source Rocks of—A Symposium of Opinion. Discussion by Ruthvin W. 

ectal. . 

Petroleum Development and ‘Technology, ‘1940. By "A. I. M. E. Petroleum 
Division. Review by Paul D. Torrey . 

Petroleum Engineering as an Aid in Exploration Geology. By. C. V. Millikan 

Exploration and Production, Chemical in. P. E. Fitz- 
gera 

Petroleum Geology. By A. I. Levorsen . : 

, Future Position of, in the Oil Industry. By E. DeGolyer : 

‘in California, Twenty Years of. By Roy M. Barnes . . 

, Where Will Young Graduates in, a Field Experience? By F Fred- 

eric H.Lahee . 

. Discussion by David A. Dunn . 

Petroleum Geophysics, Practical, Lecture Notes on. . By Garrett Kemp. Review 
by Michel T. Halbouty . 

Petroleum Industry, Codperation between Advanced Students and Men of. By 
S. A. Lynch. Research Notes. 

, Economic and Statistical Aspects of. By R. J Gonzalez ¢ et al. - Study 

Group Reports (Houston Geological Seckaiys 

, Geology in. By Wallace E. Pratt. 

Petrology of Whittier Uedianeiee, Southern California. By George J Belle- 


Ptinteemeten of the Sacramento Mountains. By Cary P. Butcher . 

Picado T., C. Serpientes Venenosas de Costa Rica (Central American Snakes). 
Review by William W. Porter II. 

Pike, Ruthvin W., e¢ al. Source Rocks of Petroleum—A Symposium of Opinion. 
Discussion . 

Pioneer in Paleontology, O. C. Marsh. ‘By Charles Schuchert and Clara M. 
LeVene. Review by W. H. Twenhofel 

Pirson, Sylvain J. Critical Survey of Recent Developments i in Geochemical Pros- 

pecting 
Pittsburg Field Camp County, Texas. Geological Note by Vanderpo ol. 
Plummer, F. B., and Livingston, H. K. Water Cones and Water Sheaths i in 

Experimental Oil Wells .. 

Poole, J. C. Saxet Oil and Gas Field, ‘Nueces County, Texas. . 

Porosity and Permeability, Relative, of Producing Formations of Hugoton Field, 
Kansas, as Indicated by Gas Withdrawals and Pressure Decline. By Glenn 
G. Bartle and Rufus M. Smith 

Porter II, William W. Review of Serpientes Venenosas de Costa Rica (Central 
American Snakes), by C. Picado T. 

Position of the San Andres Group, West Texas and New Mexico. By Frank E. 
Lewis. Abstract. 

Possibilities of Heavy-Mineral Correlation of Some Permian Sedimentary Rocks, 
New South Wales. Dorothy Carroll 

. Discussion by H. G. Raggatt and Irene Crespin é 


2223 


337 
617 
| 237 
1128 
282 
604 
j 2181 
337 
636 
1682 
1400 
1529 
496 
1842 
1370 
1361 
1355 
1389 
1705 
1386 
2047 
1339 
604 
363 
1209 
649 
1699 
383 
496 
1684 
1464 
| 2032 
2163 : 
1805 
1798 
383 
1699 
636 
1 1682 


2224 INDEX OF VOLUME 24 


Powers, Elliot H. Sand Hills Area, Crane County, Texas . 

Practical Petroleum Geophysics, Lecture Notes on. By Garrett Kemp. Review 
by Michel T. Halbouty . 

Pratt, Wallace E. Geology in the Petroleum Industry : 

Pre-Cambrian and Cambrian Relations in East-Central Minnesota. "Geological 
Note by A. J. Crowley and G. A. Thiel 

Pre-Cambrian and Paleozoic Rocks of Vance Well, Delaware County, Ohio. 
By Wilber Stout and Carl A. Lamey 

Preface. By W. A. Ver Wiebe. Student Awards 

President, Report of. By Henry A. Ley . 

Presidio County, Texas, Upper een Section of Chinati Mountains of. By 
John W. Skinner . . 

Pressure Decline and Gas Withdrawals, Relative Porosity and Permeability of 
Producing Formations of Hugoton Field, Kansas, as Indicated by. By 
Glenn G. Bartle and Rufus M. Smith . 

Price, Paul H., and Woodward, Herbert P. Résumé of the Devonian System of 
West Virginia 

Principles of Sedimentation. By W. H. Twenhofel. Review by Parker D. Trask 

Probable Lower oR Age of Caballos Novaculite, New Mexico. Geologi- 
cal Note by C. L. Baker . 

Producing Formations of Hugoton Field, Kansas, ‘Relative Porosity and Per- 
meability of, as Indicated by Gas Withdrawals and Pressure Decline. By 
Glenn G. Bartle and Rufus M. Smith . . 

Production and Exploration, Petroleum, Chemical Engineering i in. By. P.E. 
Fitzgerald 

Prospecting for Petroleum, ‘Geochemical. By Esme Eugene Rosaire . 

Prout, Franklin S. Memorial by W. L. Walker. . : 

Publication, Report of Committee for. By Robert E. Rettger ; 

Purzer, Joseph, and Weeks, Warren B. Developments in Southern Arkansas 
and Northern Louisiana during 1939 

Pyle, Howard C., Dodge, John F., and Trostel, ‘Everett G. The Estimation by 
Volumetric Methods of Recoverable Oil and Gas from Sands. Abstract 


Abstract 


ee of Sedimentary Rocks and Associated Petroleum. By K. G. Bell, 
Clark Goodman, and W. L. Whitehead 

Raggatt, H. G., and Crespin, Irene. Discussion of Possibilities of Heavy-Mineral 
Correlation of Some Permian Sedimentary Rocks, New South — ad 
Dorothy Carroll. 

Ramsey Oil Pool, Payne County, Oklahoma. By V. L. Frost | 

Rangia, New, from Upper Miocene of Western Gulf Province. By Julia Gardner 

Recent Developments i in South Mid-Continent. By Lewis W. MacNaughton . 


Recent Publications . 189,393,506, 753,884, 1135, 1339, 1500, 1687, 1844, 2052, 


Recent Secondary Recovery of Oil in Ohio. Geological Note by E. V. O’Rourke 

Recent ~ rhea Process, Brazoria County, Texas. Geological Note by William 
H. .. 

Recently Discovered Deep “Miocene Production in the Inglewood Oil Field. By 
A. F. Woodword. Abstract. . 

Recoverable Oil and Gas from Sands, The Estimation by Volumetric Methods 
of. By John F. Dodge, Howard C. Pyle, and Everett G. Trostel. Abstract . 

Recovery of Oil in Ohio, Recent Secondary. Geological Note by E. V. O'Rourke 

Reed, Ralph Daniel. Memorial by W. E. Wrather . 

Relationship of Unconformities to Oil and Gas Accumulations. By Frank J. 
Gardner. Student Awards. 

Relative Porosity and Permeability of Producing Formations of Hugoton Field, 
Kansas, as Indicated by Gas Withdrawals and Pressure Decline. By Glenn 
G. Bartle and Rufus M. Smith . 

Report, Fourth Annual, of Study of Time of Origin ‘and Accumulation of Petro- 
leum. By F. M. Van Tuyl and Ben H. Parker . : 

(Minutes) of Business Committee. By Ed. W. Owen . 

of Chairman of Research Committee. By A. I. Levorsen . 


119 


1339 
1209 


744 
672 
2019 
907 


180 


1798 


1983 
505 


1679 


1798 
1361 
1400 
944 
936 
1092 


2194 


2193 


1529 


1682 


1995 

476 
1025 
2189 


494 
731 
2195 
2194 
494 
1152 


2022 


1798 


929 
923 
927 


INDEX OF VOLUME 24 2225 
of Committee for Publication. By Robert E. Rettger. . 936 

of Committee on Applications of Geology, Eighth Annual. By Cz 
Dobbin. . 933 


of Committee on . Geologic Names and Correlations. “By John G. Bartram 926 
of Committee on Sedimentation, 1938-1939. By Parker D. Trask et al. 


Review by E. W. Galliher 386 
of Constitutional Committee. By William B. 3. Heroy 
of Editor. By W. A. Ver Wiebe . 
of President. By Henry A. Ley . 907 


of Representative of the Association on Division of Geology ‘and Geog- 
raphy of National Research Council. By Frederic H. Lahee. The Associa- 


tion Round Table 1148 
of Representative to National Research Council. By Frederic H. Lahee 
938, 1507 
- of Resolutions Committee. By Carleton D. ‘Speed, Jr. 
of Secretary-Treasurer. By Ed. W. Owen . gi2 
Reports of Committee Studying Methods of Electing Officers. ‘By W. A. Berger. 
The Association Round Table. 195 


Representative of the Association on Division of Geology and ‘Geography of 
National Research Council, Report of. By Frederic H. Lahee. The Associa- 


tion Round Table. . 
Research Committee, Report of Chairman of. By A. I. Levorsen 927 
Research Committee Project of Tulsa a ne — Relationships 

of Crude Oils. By N. W. Bass . 
Resolutions Committee, Report of. By Carleton D. Speed, jr. : 940 
Response to Address of Welcome at the Twenty-Fifth Annual Meeting of the 

Association. By Henry A. Ley 


Results of Recent Field Studies in Osage, Washington, and Nowata Counties, 
Oklahoma. By Malcolm C. Oakes . 
Résumé of the Devonian System of West Virginia. By Paul H. Price and Herbert 


P. Woodward . + 1983 
Rettger, Robert E. Report ‘of Committee for Publication. 936 
Review of Developments in 1939, Gulf Coast of — Texas and Louisiana. By 

O.L. Brace. I079 


Reviews and New Publications 3 
ran 189, 383,504,750, 882, 1128, 1339, 1408, 1684, 1841, 2049, 2185 
Reyes, ‘Jorge Muiioz, de Paiva, Glycon, and Mariaca, Guillermo. Geology of of 
Sub-Andean Belt of Bolivia. Review by John L. Rich . 1686 
Rice, C. M. Dictionary of Geological Terms. Review by John T. Rouse. 1499 
Rich, John L. Review of Geology of Sub-Andean Belt of Bolivia, by Glycon de 
Paiva, Jorge Munoz Reyes, and Guillermo Mariaca . 168 
Rio Bravo Oil Field, Kern County, California. Geological Note by Earl B. Noble 1 330 


Roberts, Jr., Charles Vaughn. Student Awards. 
Rocks, Handbook of. By J. F. Kemp. Review by W. C. Krumbein. 1498 
Rocky Mountain and Colorado Plateau Regions, Permian in Parts of. By Arthur 

A. Baker and James Steele Williams . 
Rocky Mountain Region, Developments in, in 1930. By C. E. Dobbin . . 1100, 1347 
Rogers Pool, Montague County, Texas. Geological Note byiG:. C. Clark... 1836 


Role of Carbohydrates i in Formation of Oil and Bituminous Coals. By E. Berl . 1865 
of Foraminifera in the Oil Industry. By Herschel L. Driver. Abstract . 2194 
Romberg, Frederic. Quantitative Introduction to Gravity Prospecting. Abstract 2193 
Roosevelt County, New Mexico, South-North Cross Section from Pecos County 
through Ector County, Texas, to. By William C. Fritz and James Fitz- 


Gerald, Jr... 15 
, South- North Cross Section from Pecos County through Winkler County, 
Texas, to. By E. Hazen Woods . . 29 
Roper, Frank C., and Todd, John D. Sparta- Wilcox Trend, “Texas and Louisiana 7O1 
Rosaire, Esme E ugene. Geochemical Prospecting for Petroleum. . 1400 
Rosaire, Esme Eugene, McDermott, Eugene, Fash, R. H., et al. Discussion of 
Geochemical Exploration (Soil Analysis) . - 1434 
Ross, Clarence S., e¢ al. Source Rocks of Petroleam—A Symposium of Opinion. 


| 716 


2226 INDEX OF VOLUME 24 


Rouse, John T. Review of Dictionary of Geological Terms, by C.M. Rice . . 1499 
Ruedemann, Rudolf, and Balk, Robert. Editors of Geology 0 of North sees 
by Many Authors. Review by W. A. Ver Wiebe. . 
Rutledge, Richard B. Memorial of William Arthur Tarr. . . . . . . 200 
St. Peter Sandstone, Lower Ordovician Sandy Zones in Middle Tennessee. By 
Kendall E. Born . 1641 
Salt Brines, Appalachian, Barium i in. ‘Geological Note by E.T. Heck |. 486, 887 
Salt Domes, Three New Interior, in Northeast Louisiana. Geological Note by 
Max Bornhauser and Lester R. Marshall . 483 
San Andres Group, West Texas and New Mexico, Position of. By Frank E. 
Lewis. Abstract . 1699 
San Joaquin Valley, California, Foraminiferal Correlations in Eocene of. By 
Boris Laiming ; 1923 
, Seismic Velocity Variations in. By W.S. Olson. Abstract . 2105 
——, Some Foraminifera Correlations in the Eocene of. By Boris Laiming, 
Review by Hubert G. Schenck . ea 8 2049 
, Southern, The Stevens Sand. By Rollin Eckis. Abstract... 2105 
Sand Hills Area, Crane County, Texas. By Elliot H. Powers. . 11g 
Sandy Zones (“‘St. Peter”), Lower Ordovician, in Middle Tennessee. By Kendall 
E. Born. 1641 
Sargent, M. C., and Fleming, Richard H. The Accumulation of Marine Diato- 
maceous Sediments. Abstract. 2194 
Saxet Oil and Gas Field, Nueces County, Texas. By J. C. Poole. . . 1805 
Scenery of Florida. By c Wythe Cooke. Review by Robert B. Campbell . - 504 
Schenck, Hubert G. Applied Paleontology . 1752 


_ Review of Foraminifera in Zonal Paleontology, by Bradford C. Adams 2049 
. Review of Notes on Some Foraminifera from Marysville Buttes, Cali- 


fornia, by M. C. Isrealksy _. 2051 
Review of Some Feanhitioed Correlations in the Eocene of San Joaquin 

Valley, California, by Boris Laiming . 2049 
_ Review of The Percentage Method of Stratigraphic Dating, by A. Myra 

Keen 2051 
Schenck, Hubert G: and Keen, A Myra. California Fossils for the Field Geolo- 

gist. Review by Robert T. White . 2186 


Schillhahn, E. O. Our Experience with the Underground Storage of Gas (The 
Manufacturers Light and Heat Company, Pittsburgh, Pennsylvania). Geo- 


logical Note . . 1478 
Schuchert, Charles, and LeVene, Clara M.O. C. Marsh, Pioneer in Paleontology. 

Review by W. H. Twenhofel 1684 
Scott, Gayle. Paleoecological Factors Controlling Distribution of Cretaceous 

Ammonoids in Texas Area . 1164 
Scott, Walter Winthrop. Memorial by D. P. Carlton - 944 


Secondary Recovery of Oil in Ohio, Recent. Geological Note by E. V. O’Rourke 494 
Secor, Dana M., Fritz, W. C., and West, W. W. rsipueaaiane in West Texas and 


Southeastern New Mexico during 1939 1033 
Secretary-Treasurer, Report of. By Ed. W. Owen 
Section Encountered in the Krupp Wells, Hudspeth County, Texas. By R.L. 

Cannon. Abstract. . 1699 
Section, Geologic, from Fisher County ‘through Andrews County, Texas, to 

Eddy County, New Mexico. By Robert I. Dickey 37 


Sedimentary Rocks, Permian, New South Wales, Possbilities of of Heavy-Mineral 


Correlation of Some. By Dorothy Carroll 636 
. Discussion by H. G. Raggatt and Irene Crespin . ‘ 1682 
Sedimentary Rocks and Associated Petroleum, Radioactivity of. By K.G. Bell, 
Clark Goodman, and W. L. Whitehead 1529 
Sedimentation. By Miehel T. Halbouty ef al. Study Group Reports (Houston 
Geological Society) . 374 
, Principles of. By W. H. Twenhofel. Review by Parker D. Trask . 505 
, Report of the Committee on, 1938-1939. By Parker D. Trask et al. 
Review by E. W. Galliher . . 386 


Sediments, Inferences about Origin of Oil as Indicated by Composition of Or- 
ganic Constituents of. By Parker D. Trask. Review by Roy Ginter . . 506 


q 


INDEX OF VOLUME 24 


Seismic Velocity Variations in the San Joaquin Valley. By W. S. Olson. Abstract 
Sejita Structure, Duval County, Texas. Geological Note by Carleton D. Speed, 
Senn, Alfred. Paleogene of Barbados and Its Bearing on History and Structure 
of Antillean-Caribbean Region . 
Serpientes Venenosas de Costa Rica (Central ‘American Snakes). ByC C. Picado T. 
Review by William W. Porter II ‘ 
Shea, E. F. Developments in Oklahoma during | 1939 
Shepherd, E. S., e¢ al. Source Rocks of Petroleum—A Symposium of Opinion. 
Discussion. . 
Shoreline Process, Recent, ‘Brazoria Country, Texas. Geological Note by Wil- 
liam H. Curry . 
Significant Developments i in California, 1930. By E. R. Atwill 2 
Simpson, Roscoe. The Page Field in Schleicher County, Texas. Abstract. . 
Skinner, John W. Upper Paleozoic Section of Chinati Mountains, Presidio 
County, Texas. . 
Smith, Harold M. Discussion of Geochemical Exploration (Soil Analysis) . 
Smith, Rufus M., and Bartle, Glenn G. Relative Porosity and Permeability of 
Producing Formations of Hugoton Field, Kansas, as Indicated by Gas With- 
drawals and Pressure Decline A 
Snider, L. C. Committee Appointments. The Association Round Table | 
on Mimeographed Publications. The Association Round 
able. 
Society of Economic Paleontologists and Mineralogists. Executive Committee. 
The Association Round Table : 
, Fourteenth Annual Meeting of, Chicago, “April 1, 1940. ‘Announce- 
ment. The Association Round Table. 
Society of Exploration Geophysicists, Eleventh Annual Meeting of, Chicago, 
April 9, 10, and 11, 1940. Announcement. The Association Round Table . 
, Executive Committee. The Association Round Table. . 
; Technical Program, April 9. The Association Round Table. . 
Soil Analyses i in Locating Oil Pools, Theoretical Consideration of. By R. H. Fash 
Soil Analysis (Geochemical Exploration). Discussion of. By E. E. Rosaire, 
Eugene McDermott, R. H. Fash et al. 
(Geochemical Exploration) with Some Speculation ‘About the Genesis of 
Oil and Gas Accumulation. By Eugene McDermott . . 
Some Foraminiferal Correlations in the Eocene of the San Joaquin Valley, Cali- 
fornia. By Boris Laiming. Review by Hubert G. Schenck . 
Source of Hydrogen, Suggested Natural: Hydrogenation of Oil. Geological Note 
by E.T. Heck. .. 
Source — mh Petroleum—A Symposium of Opinion. Discussion by Ruthvin 
Pike et 
South Mid-Continent, Recent Developments i in. By Lewis W. MacNaughton : 
South-North Cross Section from Pecos County through Ector County, Texas, 
to Roosevelt County, New Mexico. By William C. Fritz and James Fitz- 
Gerald, Jr. . 
from’ Pecos ‘County through Winkler County, Texas, to Roosevelt 
County, New Mexico. By E. Hazen Woods . 
South Texas, Developments and Status of Oil Reserves i in, 19. 39. By L. B. Her- 
ring? .: 
South Texas Geological Society. F rank J. Gardner. "Student Awards 
Texas Society Annual — October and 19 Austin, 
exas : 
Announcement, Field Trips 
South Trinidad, B. W. L, Los Bajos Fault of. By C. C. Wilson - 
Southeastern Oklahoma, Structural Interpretation of Recent Gravity Observa- 
tions in. By Thomas A. Hendricks . . 
Southern California, Miocene Fishes in Well Cores from Torrance i in. Geological 
Note by Lore David 
, Petrology of Whittier Conglomerates. By George if Bellemin ‘ 
Southern Louisiana, Subsurface Miocene of. By Alva C. Ellisor . . 
San Joaquin The Stevens Sand. Rollin Eckis. 
stract . 


2227 
2195 
482 
1548 


383 
IOII 


496 
731 
1698 
180 
1453 
1798 
1145 
1145 
894 
400 
400 
804 
905 
1444 
1434 
859 
2049 
1475 
496 
1025 
15 
29 
1069 


2021 


2066 
1864 
2102 


2143 


2182 
649 
435 


2195 


4 

q 


2228 INDEX OF VOLUME 24 


Southwestern Michigan. Isopachous Studies of Ellsworth to Traverse Limestone 


Section of. By Margaret Stearns Bishop 2150 
Sparta-Wilcox Trend, Texas and Louisiana. By John D. Todd and Frank C. Roper 7O1 
Special Committees. "The Association Round Table : 1147 
Special Publications, Information Regarding. The Association Round Table 608 
Speed, Jr., Carleton 'D. Report of Resolutions Committee : 940 

“Tejita Structure, Duval Country, Texas. Geological Note . 482 
Stenzel, H. B. New Zone in Cook Mountain Formation, the Crassatella texalta 

Harris—Turritella cortezi Bowles Zone . 1663 
Stevens Sand, Southern San Joaquin Valley, California. By Rollin Eckis. Ab- 

stract . 2105 
Stonewall County, Texas, Aspermont Pool Discovery. Geological Note by Fred 

M. Haase . 1839 
Storage of Gas, Underground, Our Experience with (The “Manufacturers Light 

and Heat Company, Pittsburgh, Pennsylvania). Geological Note by E. O. 

Schillhahn 1478 

(The Peoples Natural Gas Company). Geological Note by F. H. Finn 1482 
Stout, Wilber, and Lamey, Carl A., Paleozoic and Pre-Cambrian Rocks of 

Vance Well, Delaware County, Ohio. 672 
Strand Oil Field, Kern County, California. Geological Note by F. A. Menken. 1 333 
Stratigraphic Dating, Percentage Method of. By A. Myra Keen. Review by 

Hubert G. Schenck 2051 
Stratigraphic Nomenclature, Technique of. Discussion by. C. W. Tomlinson 2038 
Stratigraphy, Eastern Midland Basin, Texas. By Lincoln R. Page and John 

Emery Adams. . 52 

of Easternmost Ventura Basin, California. By Richard H. Jahns. "Re- 

view by William S. W. K ° 1841 
Structural Development, Yates Texas. By John Emery Adams . 134 
Structural History of Billings Field, Noble County, Oklahoma, Interpreted i in 

Terms of Isostasy. By Malvin G. Hoffman . 2006 
of Recent Gravity Observations in Southeastern Okla- 

By Thomas A. Hendricks 2143 
mde: and History of Antillean- Caribbean Region, Paleogene of Barbados 

and Its Bearing on. By AlfredSenn . ; . 1548 
Student Awards. 194, 1143, 2019 

. By Henry A. Ley. “The Association Round Table 
———. Preface by W. A. Ver Wiebe. . . 2019 
Student Merit needs, West Texas Geological Society. The Association Round 

Table . 
Study of Surface Stratigraphy of f Bllenburger Formation of Texas. By ‘Leo 

Hendricks. Abstract ; . 1698 
Study Group Reports . 363 
Sub-Andean Belt of Bolivia, Geology of. By Glycon ‘de Paiva, Jorge “Muiioz 

Reyes, and Guillermo Mariaca. Review by John L. Rich 1686 
Sub- a on Carboniferous. By John G. Bartram. The Association Round 

Ta 134 
Subsurface Aranany of Chester Series in Illinois. By L. E. Workman . 209 

of Iowa (Lower Mississippian) Series in Illinois. By J. Norman Payne 225 
Subsurface Miocene of Southern Louisiana. By Alva C. Ellisor . 435 
Sumatra, Oeloe Aer Fault Zone. Geological Note by J. Wyatt Durham. 359 
Supplementary pesmi List, September 1, 1940. The Association Round 

Table . . 1694 
Surface Formations in " Mississippi. Geological Note by Urban B. Hughes, 

Robert R. Harbison, ef al... 2033 
Survey of Geological Curricula i in Universities and Colleges i in Unted States. 

By the Executive Committee. The Association Round Table. 602 
Sutton, A. H., and Weller, J. Marvin. Mississippian Border of Eastern “a” 

Basin 765, 1133 
Symposium of Opinion—Source Rocks of Petroleum. Discussion by F Ruthvin W. 

Pike et al. . : 496 

on Geochemical Exploration : 1400 

on New Ideas in Petroleum Exploration 1355 

I 


———.,, West Texas-New Mexico. Part I 


q 
~ 
j 


INDEX OF VOLUME 24 


Tarr, William Arthur. Memorial by Richard B. Rutledge 

Technical Program, Twenty-Fifth Annual Meeting. General Session. The Asso- 
ciation Round Table 

Technique of Stratigraphic Nomenclature. Discussion by, C. W. Tomlinson . 

Technology and Petroleum Development, 1940. By A. I. M. E. Petroleum Divi- 
sion. Review by Paul D. Torrey. 

Temblor Range, California, Thrust Faulting and Coarse Clastics in. By F. S. 
Hudson and G. H. White. Abstract 

Tennessee, Middle, Lower Ordovician Sandy Zones (“St. Peter”) i in. By Kendall 

.Born. 

Texas, Aspermont Pool Discovery, Stonewall County, Geological Note by Fred 
M. Haase .. 

, Bonita Discovery, Montague County. Geological Note by J. ra. . 

—~—, ” Coastal, and Louisiana, Downdip Wilcox (Eocene) of. By J. A. Culbert- 
son 


, Discovery of Oil in ‘Ellenburger Formation, ‘K. M.A. Oil Field, Wichita 
County. Geological Note by Vernon E. Autry 
, East, Developments in, during 1939. By Hi. ‘- McLellan and E. A. 
Wendlandt. 

, Geologic Section from Fisher County through ‘Andrews County, to 
Eddy County, New Mexico. By Robert I. Dickey. 
, Gulf Coast of, Deposition of Lissie and Beaumont Formations of. By 
R. J. Metcalf .. 

, Henderson Pool Discovery, Clay County, ‘Geological Note by George 
P. Hardison 
, Hoffman Field, “Duval County. By Harvey Whitaker. 
~~ , Jones County Discovery. Geological Note bal Orion A. Daniel and a B. 

ovejoy 
, North and West-Central, Developments i in, 1939. By Karl A. Myedal 

North- Central, Geology of. By M. G. Cheney 
——— ; Older Rocks of Van Horn Region. By Philip B. King F 
’ Ordovician Development, Apco Structure, Pecos County. Geological 
Note by Taylor Cole. . 
, Pittsburg Field, Camp County. Geological Note by H.C. “Vanderpool . 
, Recent Shoreline Process, Brazoria County. Geological Note by William 
Curry 
, Rogers Pool, Montague County. "Geological Note ‘by G. C. Clark - 
, Sand Hills Area, Crane County. By Elliot H. Powers : 
’ Saxet Oil and Gas Field, Nueces County. By J. C. Poole . 
’ Section Encountered in the Krupp Wells, Hudspeth County. By R.L. 
Canon. Abstract. 
, South, Developments ‘and Status of Oil Reserves in, 1930. By L. B. 
Herring . 
, South-North Cross Section from Pecos ‘County through Ector County, 
to Roosevelt County, New Mexico. By William C. Fritz and James Fitz- 
Gerald, Jr. . 
, South-North Cross Section from Pecos County through Winkler County, 
to Roosevelt County, New Mexico. By E. Hazen Woods 


Emery Adams. . : 
, Structural Development, Yates Area. By John Emery Adams . 
-, Teta Structure, Duval County. Geological Note by Carleton D. Speed, 


Todd Ranch Discovery, Crockett County. Geological Note by D. D. 

Christner 

, Upper, and ‘Louisiana, Review of Developments i in Gulf Coast of, in 

1930. By O. L: Brace. 

, Upper Paleozoic Section of Chinati Mountains, Presidio County. By 

John W. Skinner 

, West, and Southeastern New Mexico, Developments i in, during 1939. 
By Dana M. Secor, W. C. Fritz, and W. W. West. 

Texas Louisiana, Wilcox Trend. D. Todd and Frank C. 
Roper 


, Stratigraphy, Eastern Midland Basin. By Lincoln R. Page and John 


134 
482 
1126 
1079 
180 
1033 


2229 

200 

897 

2038 

1842 

2193 

1641 
1839 
1838 

1891 
1494 

1062 

37 

693 
1495 i 

2126 

2180 

1044 
65 > 
q 143 
478 

2032 
731 

1836 

119 

1805 

1699 
1069 4 

15 

“29 
52 

|_| 


2230 INDEX OF VOLUME 24 


Texas and Louisiana Gulf Coast Sediments, Heavy-Mineral Zones of. By Wil- 


liam M. Cogen 2069 
Texas Area, Paleoecological Factors Controlling Distribution of Cretaceous 
Ammonoids in. By Gayle Scott. . 1164 


Textbook of Paleobotany. By William C. Darrah. Review by Roland W. Brown 750 
Theoretical Consideration of the Basis for the Use of Soil Analyses in Locating 


Oil Pools. By R.H. Fash . 1444 
Thiel, G.:A., and Crowley, A. J. Pre-Cambrian and Cambrian Relations in East- 

Central Minnesota. Geological Note . . 744 
This Association. By Henry A. Ley . 
This Fascinating Oil Asst By Max W. Ball. Review by W.V.Howard |. 883 
Thomas, George Terrell. West Texas Geological Society. Student Awards. . 1144 
Three New Interior Salt Domes, in Northeast Louisiana. Geological Note by 

Max Bornhauser and Lester R. Marshall . 483 
Thrust Faulting and Coarse Clastics in Temblor Range, California. By F.S. 

Hudson and G. H. White. Abstract. 2193 
Time of Origin and Accumulation of Petroleum, Fourth Annual Report of Study 

of. By F. M. Van Tuyl and Ben H. Parker . 929 


Todd, Tele D., and Roper, Frank C. Sparta-Wilcox Trend, Texas and Louisiana 701 
Todd Ranch Discovery, Crockett County, Texas. Geological Note by D. D. 


Christner . 1126 
Tomlinson, C. W. Technique of Stratigraphic Nomenclature. Discussion . . 2038 
Tomlinson, C. W., e¢ al. Classification of Permian Rocks . 337 
Torrance in Southern California, Miocene Fishes in Well Cores from. "Geological 

Note by Lore David . 2182 
Torrey, Paul D. Review of Petroleum Development and Technology, 1940, by 

A. I. M. E. Petroleum Division. . 1842 
Trade Journals Will Feature A. A. P. G. Chicago Convention. The Association 

Round Table . 616 
Trager, H. Harold. Dorcheat ‘Pool, Columbia County, Deepest in Arkansas. 

Geological Note . . 738 
Trask, Parker D. Inferences about Origin of Oil as Indicated by Composition 

of Organic Constituents of Sediments. Review by Roy Ginter . . . . 506 

. Review of Principles of Sedimentation, by W.H. Twenhofel . . . 505 
Trask, Parker D., ef al. Report of the Committee on Sedimentation, 1938-1939. 

Review by E. W.Galliher . 386 
Traverse Limestone Section of Southwestern Michigan, Tsopachous Studies of 

Ellsworth to. By Margaret Stearns Bishop. 
Trinidad, South, B. W. I., Los Bajos Fault of. ie C.C. Wilson 2102 


Trostel, Everett G. , Dodge, John F., and Pyle, Howard C. The Estimation by 
Volumetric Methods of Recoverable Oil and Gas from Sands. Abstract 2194 
Tulsa Geological Society Research Committee Project: Geologic Relationships of 


Crude Oils. By N. W. Bass . 930 
Turner Valley, Alberta, Canada, Paleozoic Limestone of. By W. D. C. Mac- 

kenzie . 1620 
Turritella cortezi Bowles—Crassatella texalta Harris Zone, New Zone in Cook 

Mountain Formation. By H. B. Stenzel . . . 1663 

Twenhofel, W. H. Principles of Sedimentation. Review by Parker D. Trask . 505 
. Review of O. C. Marsh, Pioneer in Paleontology, by Charles Schuchert 

and Clara M.LeVene 1684 
Twenty-Fifth Annual Meeting, Chicago, April 10-12, 1940. Announcement. 

The Association Round Table. 207,397 597 

88 


———. By J. Brian Eby. The Association Round Table . 
, Convention Activities. Announcement. The Association Round Table . 408 


"of the Association, Address of Welcome. By M. M. Leighton 115 
, Technical Program. General Session. The Association Round Table . 897 
Twenty-Sixth Annual Meeting, Houston, April 2-4, 1941. Announcement. The 
Association Round Table.  1346,1697 
Twenty Years of Petroleum Geology i in California. ‘By Roy M. Barnes. .. 1705 
Tygrett, H. V. Neale Field, Beauregard Parish, Louisiana. 
Type Permian: Its Classification and Correlation. By Carl O. Dunbar... 237 


Unconformities, Relationship of, to Oil and Gas Accumulations. eda Frank J. 
Gardner. Student Awards . . 2022 


| 


INDEX OF VOLUME 24 2231 


Underground Storage of Gas, Our Experience with (The Manufacturers Light 
and Heat Company, Pittsburgh, Pennsylvania). Geological Note by E. O. 
Schillhahn 1478 
(The Peoples Natural Gas Company). Geological Note by F.H. Finn . 1482 
Union County, Iowa, Log of Wildcat Well. Geological Note by W. E. McHugh 1495 
U.S.S.R., Are the “Omphalotrochus Beds” of the, Permian? By J. Brookes 


Knight, et al. Discussion . 1128 
United States, Oil and Gas Field Development i in, 1939. ’ By the National Oil 
Scouts and Landmen’s Association. Review by G.S. DINE... 1685 


Upper Miocene of Western Gulf Province, New Rangia from. By Julia Gardner 476 
Upper Paleozoic Section of Chinati Presidio Texas. 


John W. Skinner . . 180 
Van Horn Region, Texas, Older Rocks of. By Philip B. King 143 
Van Tuyl, F. M., and Parker, Ben H. Fourth Annual thipert of Study of Time 

of Origin and Accumulation of Petroleum . 929 
Vance Well, Delaware County, or Paleozoic and Pre-Cambrian Rocks of. 

By Wilber Stout and Carl A. Lamey . - 672 
Vanderpool, H. C. Pittsburg Field, Camp County, Texas. "Geological Note . 2032 
Velocity Variations, Seismic, in the San Joaquin Valley. By W. S. Olson. Ab- 

stract 2195 
Venezuela and Colombia, Jurassic- Cretaceous (Girén) ‘Beds in. ‘By Victor 

Oppenheim . 1611 
Ventura Basin, Easternmost, California, Stratigraphy of. By! Richard H. - Jahns. 

Review by William S. W. K Salk . 1841 
Ver Wiebe, W. A. Preface. Student 2019 

Report of Editor wo, 
. Review of Geology of North ‘America, by Many Authors . 1134 
Volumetric Methods, Estimation by, of Recoverable Oil and Gas from Sands. 
By John F. Dodge, Howard C. Pyle, and Everett G. Trostel. Abstract . . 2194 
Walker, W. L. Memorial of Franklin S. Prout. . 044 
Waring, W. W., e¢ al. Source Rocks of Petroleum—A Symposium of Opinion. . 
Discussion 496 
Washington, Osage, and Nowata Counties, Oklahoma, Results of Recent Field 
Studies in. By Malcolm C. Oakes . 716 
Washington County, Oklahoma, Geology and Mineral Resources of. By Malcolm 
C. Oakes. Review by Joseph L. Borden. 2185 
Washita County, Oklahoma, Deepest Well in Mid- Continent Region. "Geological 
Note by W. Baxter. Boyd : 735 
Water Cones and Water Sheaths in Experimental Oil Wells. By F. B. Plummer 
and H. K. Livingston . . . 2163 
Water Supplies i in ‘Iraq. By W. A. " Sintiitein: Review by Linn M. Farish . 751 
Waters, Oil-Field, of Wyoming and Their Relation to Geological Formations. 
y G. Crawford 
Weaver, Review of Exploration Geophysics, by j. J. Jakosky 
. Review of Geophysical Exploration, by C. A. Heiland . 2986 
. Review of Geophysical Prospecting for Oil, by L. L. Nettleton . . 2186 

Weeks, “Warren B., and Purzer, Joseph. Developments i in Southern Arkansas and 

Wegmann, C. E., et al. Grénland 1939. Review by Robert Balk . 882 
Weiske, F, et al. Estudio sobre condiciones geologicas de la hoya del Rio 

Magdelena. Discussion. 502 
Well Cores from Torrance in Southern California, Miocene Fishes in. "Geological 

Note by Lore David . . . 2182 
Weller, J. Marvin, and Sutton, AH. Mississippian Border of Eastern Interior 4 

Basin « 965, 1133 


Wendlandt, E.A. ,and McLellan, H. J. Developments ir in East Texas during 1939 1062 
West, W. W., Secor, Dana M., and Fritz, W. C. Developments in West Texas 

and Southeastern New Mexico during 1939 - 1033 
West-Central and North Texas, Developments in, 1930. By Karl A. Mygdal . 1044 
West Texas, Paleozoic Stratigraphy of Franklin Mountains. By L. A. Nelson . 157 
West Texas and New — Position of San Andres _ be Frank E. 

Lewis. Abstract . . 1699 


4 
q 
q 
3 
3 
7 
q 


2232 INDEX OF VOLUME 24 


West Texas and Southeastern New Mexico, 1939. By 
Dana M. Secor, W. C. Fritz, and W. W. West. . ees 

West Texas Geological Society, Field Trip, June 8-0 .« 

, September 28-29. Field Trips . 

West Texas Geological Society Fall Meeting, August 17, ‘1940. Abstracts. The 
Association Round Table. 

West — Geological Society Student Merit Awards. The Association Round 
T 


West Texas-New Mexico Symposium. Part I 

West Virginia, Résumé of the Devonian System of. By Paul H. Price and Herbert 
P. Woodward 

Western Gulf Province, New Rangia from Upper Miocene of. ‘By Julia Gardner 

Where Will Young Graduates in Petroleum eatieed —* Field ee 
By FredericH.Lahee. . 

? Discussion by David A. Dunn. . 

Whitaker, Harvey. Hoffman Field, Duval County, Texas” 
White, G. H., and Hudson, F. S. Thrust Faulting and Coarse Clastics in Temblor 
Range, California. Abstract. . : 
White, Robert T. Eocene Yokut Sandstone North of Coalinga, California . 
. Review of California Fossils for the Field Geologist, by Hubert G. 
Schenck and A. Myra Keen . 

Whitehead, W. L., Bell, K. G., and Goodman, Clark. Radioactivity of Sedimen- 
tary Rocks and Associated Petroleum |. 

Whitehorse-San Andres Contact on and Adjacent. to Central Basin Platform. 
By R. T. Cox and N. B. Winter. Abstract 

Whitlock, Jr., Robert Alfred. West Texas Geological Society. “Student Awards 

Whittier Conglomerates, Southern California, Petrology of. By George J. Belle- 
min . 

Wichita County, Texas, Discovery of Oil in Ellenburger Formation, K. M. A. 
Oil Field. Geological Note by Vernon E. Autry 

Wilcox, Downdip (Eocene) of Coastal Texas and pe By q. ‘A. Culbertson 

Wildcat Drilling in 1939. By Frederic H. Lahee_. 

Wildcat Well, Union County, Iowa, Log of. Geological | Note by W.E. McHugh 

Williams, James Steele, and Baker, Arthur A. Permian in Parts of — Moun- 
tain and Colorado Plateau Regions ; 

Wilson, C. C. Los Bajos Fault of South Trinidad, B. W.L 

Wilson, W. B. Memorial of George Charlton Matson . 

Winchell, A. N., et al. Source Rocks of Petroleum—A Symposium of Opinion. 
Discussion. 

Winkler County, Texas, South-North Cross Section from Pecos County through, 
to Roosevelt County, New Mexico. By E.Hazen Woods . . 

Winter, N. B., and Cox, R. T. Whitehorse-San Andres Contact on and Adjacent 
to Central Basin Platform. Abstract . 

Woods, E. Hazen. South-North Cross Section from Pecos County through 
Winkler County, Texas, to Roosevelt County, New Mexico... 

Woodward, A. F. Recently Discovered Deep Miocene Production in the In- 
glewood Oil Field. Abstract. 

Woodward, Herbert P., and Price, Paul H. Résumé of the Devonian System o of 
West Virginia syd 

Workman, L. E. Subsurface Geology ‘of Chester Series in Illinois 

Wrather, W. E. Memorial of Ralph Daniel Reed . 

Wyoming, os Field Waters of, and Their Relation to > Geological F Formations. 

By J. G. Crawford : 


Yates Area, Texas, Structural sieiniosenies By Sites Emery Adams. . 

Yokut Sandstone, Eocene, North of Coalinga, California. By Robert T. White . 

Young Graduates in Petroleum Geology, Where Should ee — Field 
Experience? Discussion by David A. Dunn . 


Zonal Paleontology, Foraminifera in. ve Bradford C. Adams. Review lad Hubert 
G. Schenck. . 


1033 
952 


527,1704 


1698 
1143 
I 
1983 
476 
1386 


2047 
2126 


2193 
1722 


2186 
1529 


1700 
1144 


649 


1494 
1891 

953 
1495 


617 

2102 

606 
496 
29 
1700 
29 - 
2195 
1983 
209 
1152 
1214 q 
134 ; 
1722 

2047 

e 


BULLETIN 
of the 


AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


3 

q 

4 

4 

3 


3 


BULLETIN 
of the 


AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


WALTER A. VER WIEBE, Editor 


GEOLOGICAL DEPARTMENT, UNIVERSITY OF WiIcHITA, WicHITA, KANSAS 


4 ASSOCIATE EDITORS 

, GENERAL K. C. HEALD, Gulf Oil Corporation, Box 1166, Pittsburgh, Pa. 
HUGH D. MISER , U.S. Geological Survey, Washington, D. OF 
THERON WASSON, Pure Oil Company, 35 E. Wacker Drive, Chicago, Ill. 


APPALACHIANS 
North Wik R. REEVES, Penn-York Natural Gas Corporation, Buffalo, N.Y. 
South ILLIAM O. ZIEBOLD, Spartan Gas Company, Charleston, W. Va. 

NORTH CENTRAL STATES NEWCOMBE, oo1 North Otillia SE., Grand Rapids, Mich. 

KANSAS ANTHON Y FOLGER, Gulf Oil Corporation, Wichita, Kan. 

OKLAHOMA 
Western ROBERT H. DOTT, Oklahoma Geological Survey, Norman, Okla. 
Eastern SHERWOOD BUCKSTAF F, Shell Oil Company, inc., Box 1191, Tulsa, Okla, 

EXAS 
North and Central E B. LOVEJOY, Gulf Oil Corporation, Fort Worth, Tex. 
Northeastern A. WEND LAN DT, Humble Oil and Refining Company, Tyler, Tex. 
San Antonio ERSCHEL H. C COOPER, tors Milam Building, San Antonio, Tex. 
Permian Basin TRUSSELL LLOYD, Box 1026, Midland, Tex 
GULF COAST SiDN EY A. JUDSON, "Texas Gulf Producing Company, Houston, Tex. 
MARCUS A “HANNA, Gulf Oil Corporation, Houston, Tex. 


ped Y T. HAZZARD , Gulf Refining Company of Louisiana, Shreveport, La, 


BRAINERD, Continental Oil | Denver, Colo. 
ngeles, Cali 


ARKANSAS AND NORTH LOUISIANA 
ROCKY MOUNTAINS 


CALIFORNIA W. S. W. KEW, Standard Oil Company, 
W.D. KLEINPELL, Box 1131, Bakersfield, Calif. 
FOREIGN 
General ore. C. COBB, Room 2703, 120 Broadway, New Yor! 
; Europe W. A. iy VAN WATERSCHOOT VAN DER GRACHT, Hine Jachtduin, 
4 Eeuwige Laan, Bergen, N. H., Netherlands 
Canada THEODORE 4° INK Imperial Oil, Ltd., Calgary, Alberta 


South America HOLLIS D. HEDBERG, Mene Grande Oil Co., Apt. 45, Barcelona, Venezuela 


VOLUME 24 
JANUARY—DECEMBER 1940 
PART I 


PAGES 1-1156 


ASSOCIATION HEADQUARTERS 
BOX 979, TULSA, OKLAHOMA 


| | 
| 
3 

a 

: 

d 

—_ 


THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS, INC. 


OFFICERS FOR THE YEAR ENDING APRIL, 1941 


L. C. SnmpER, President 
New York City 

Epcar W. Owen, Secretary-Treasurer 
San Antonio, Texas 


Joun M. Vice-President 


Houston, Texas 


Wa_tTER A. VER WIEBE, Editor 


Wichita, Kansas 


(The foregoing officers, together with the Past-President, HENRY A. LEy, San Antonio, 
Texas, constitute the Executive Committee) 


DISTRICT REPRESENTATIVES 


(Representatives’ terms expire immediately after annual meetings of the years shown in parentheses) 


Amarillo 

C. Don Hughes (1942), Amarillo, Tex. 
Appalachians 
- Paul H. Price (1941), Morgantown, W. Va. 

‘anada 

S. E. Slipper (1941), Calgary, Canada 
Capital 

L. W. Stephenson (1942), Washington, D. C. 
Dallas 

W. W. Clawson (1942), Dallas, Tex. 
East Oklahoma 

N. W. Bass (1941), Tulsa, Okla. 

Robert H. Wood (1941), Tulsa, Okla. 

T. E. Weirich (1942), Bartlesville, Okla. 
Fort Worth 

Charles E. Yager (1941), Fort Worth, Tex. 
Great Lakes 


William Norval Ballard (1941), Holland, Mich. 


Alfred H. Bell (1941), Urbana, Ill. 
Houston 
J. Boyd Best (1941), Houston, Tex. 


Lon D. Cartwright, Jr. (1941), Houston, Tex. 


R. L. Beckelhymer (1942), Houston, Tex. 
New Mexico 

Delmar R. Guinn (1941), Hobbs, N. Mex. 
New York 

W. T. Thom, Jr. (1941), Princeton, N. J 


Pacific Coast 

— K. Armstrong (1941), Los Angeles, 

alif. 

Herschel L. Driver (1941), Los Angeles, Calif. 

E. C. Edwards (1942), Los Angeles, Calif. 
Rocky Mountains 

C. E. Dobbin (1941), Denver, Colo. 
Shreveport 

C. L. Moody (1941), Shreveport, La. 
South America 

Roger H. Sherman (1941), Caripito, Venezuela 
Southeast Gulf 

James H. McGuirt (1941), University, La. 
So. Permian Basin 

Ronald K. DeFord (1941), Midland, Tex. 
South Texas 

C. C. Miller (1941), Corpus Christi, Tex. 

Harry H. Nowlan (1941), San Antonio, Tex. 
Tyler 

Edward B. Wilson (1941), Tyler, Tex. 
West Oklahoma 

C. W. Tomlinson (1941), Ardmore, Okla. 
Wichita 

James I. Daniels (1941), Wichita, Kan. 
Wichita Falls 

James F. Gibbs (1942), Wichita Falls, Tex. 


DIVISION REPRESENTATIVES 
Paleontology and Mineralegy 


Carey Croneis (1941), Chicago, Illinois 


Henryk B. Stenzel (1941), Austin, Texas 


OFFICERS FOR THE YEAR ENDING APRIL, 1940 


President: Henry A. LEy 
Secretary-Treasurer: EDGAR W. OWEN 


Vice-President: L. Murray NEUMANN 
Editor: WALTER A. VER WIEBE 


(The foregoing officers, together with the Past-President, DONALD C. Barton, 
Houston, Texas, constitute the Executive Committee) 


COPYRIGHT 1940 BY 
Tue AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


PUBLISHED 
MONTHLY 


Composed and Printed by 
George Banta Publishing Company 
Menasha, Wisconsin, U.S.A. 


| 
| 
- 
| 


CONTENTS OF VOLUME 24 (1940) 
PART I 


NUMBER 1 (JANUARY) 


West Trexas-NEw Mexico Symposium. Part I 

Editorial Introduction, Ronald K. DeFord and E. Russell Lloyd. . . 

South-North Cross Section from Pecos County through Ector County, 
Texas, to Roosevelt County, New Mexico, William C. Fritz and 
James FitzGerald, Jr. . 

South-North Cross Section from Pecos County ‘through Winkler 
County, Texas, to Roosevelt County, New Mexico, E. Hazen 
Woods. . . 

Geologic Section from Fisher County through ‘Andrews County, Texas, 
to Eddy County, New Mexico, Robert I. Dickey . . 

Stratigraphy, Eastern Midland Basin, Texas, Lincoln R. oe and J ohn 
Emery Adams 

Geology of North-Central Texas, M. a Cheney . : 

Sand Hills Area, Crane County, Texas, Elliot H. Powers 

Structural Development, Yates Area, Texas, John Emery Adams 

Older Rocks of Van Horn Region, Texas, Philip B. King . 

Paleozoic Stratigraphy of Franklin Mountains, West Texas, is ry 
Nelson : 

Correlation of Pennsylvanian Rocks of New Mexico, C. E. y cedham ‘ 

Upper Paleozoic Section of Chinati Mountains, Presidio County, 
Texas, John W. Skinner : 

REVIEWS AND NEW PUBLICATIONS 

THE AssociIATION RounpD TABLE . 

MEMoRIAL 
William Arthur Tarr, Richard B. anaiiegs 

At HoME AND ABROAD . 


NUMBER 2 (FEBRUARY) 


Subsurface Geology of Chester Series in Illinois, ZL. E. Workman . 
Subsurface Geology of Iowa (Lower Mississippian) Series in Illinois, 
J. Norman Payne . . 
The Type Permian: Its Classification and Correlation, Carl 0. Dunbar 
Carboniferous-Permian Boundary, Raymond C. Moore . a 
Classification of Permian Rocks, C. W. Tomlinson et al. 
GEOLOGOCAL NoTES 
Oeloe Aer Fault Zone, Sumatra, J. Wyatt Durham . 
Stupy Group Reports (Houston GEOLOGICAL SOCIETY) 
Economic and Statistical Aspects of the Petroleum Industry, 
R. J. Gonzalez etal. . 
Geophysical Interpretation, M. H. Billings et al. 
Sedimentation, Michel T. Halbouty et al. : 
Notes on the Frio, M. C. Israelsky 


Vv 


~ 
I 
4 15 
4 
20 
37 
52 
65 
119 
4 134 
143 
157 
“173 
180 
189 3 
j 
200 
202 
209 
225 
237 
282 
363 
372 : 
374 
376 


vi CONTENTS OF VOLUME 24 


REVIEWS AND NEW PUBLICATIONS 
Tue ASSOCIATION ROUND TABLE . 
RESEARCH NOTES 

At HoME AND ABROAD . 


NUMBER 3 (MARCH) 


Morrow Group of Adair County, Oklahoma, Carl A. Moore 

Subsurface Miocene of Southern Louisiana, Alva C. Ellisor 

New Rangia from Upper Miocene of Western Gulf Province, J ulia 
Gardner 


GEOLOGICAL NOTES 

Ordovician Development, Apco Structure, Pecos County, 
Texas, Taylor Cole . . 

Sejita Structure; Duval County, Texas, Carleton D: ‘Ss peed, Ir. 

Three New Interior Salt Domes in Northeast ore Max 
Bornhauser and Lester R. Marshall 

Barium in Appalachian Salt Brines, EZ. T. Heck . , 

Recent Secondary Recovery of Oil in Ohio, E. V. O”’ Rourke 


DIscuUSSsION 
Source Rocks of Petroleuam—A Symposium of Opinion, Ruthvin 


W. Pike et al. . ; 

REVIEWS AND NEW PUBLICATIONS 
THE ASSOCIATION ROUND TABLE 

Financial Statement, 1939 . 

Association Membership List, March 6, ‘946 
RESEARCH NOTES 
MEMORIAL 

George Charlton Matson, W. B. Wilson . 
At HoME AND ABROAD . ; 


NUMBER 4 (APRIL) 


Permian in Parts of Rocky Mountain and Colorado Plateau Regions, 
Arthur A. Baker and James Steele Williams . 


Possibilities of Heavy-Mineral Correlation of Some Permian Sedimentary 


Rocks, New South Wales, Dorothy Carroll 

Petrology of Whittier Conglomerates, Southern California, George J. 
Bellemin . 

Paleozoic and Pre- Cambrian Rocks of Vance Well, Delaware County, 
Ohio, Wilber Stout and Carl A. Lamey . . 

Deposition of Lissie and Beaumont Formations of Gulf Coast of Texas, 
R.J.Metcalf . . 

Sparta-Wilcox Trend, Texas and Louisiana, Jokn D. T odd and F rank c. 
Roper. . 

Results of Recent Field Studies i in 1 Osage, Washington, and Nowata 
Counties, Oklahoma, Malcolm C. Oakes 


383 
396 
401: 


403 


409 
435 


476 


478 
482 


483 


486 
494 


496 
504 


514 
523 
604 


606 
610 


617 
636 
649 
672 
693 
701 


716 


| 


CONTENTS OF VOLUME 24 


GEoLocicaL NOTES 
Recent Shoreline Process, Brazoria County, Texas, William H. 


Curry 


Deepest Well in M Mid- Continent Region, Washita County, Okla- 


homa, W. Baxter Boyd . . 
Dorcheat Pool, Columbia County, Deepest in " Arkansas, H. 
Harold Trager 
Models of Kettleman Hills ‘North Dome, California, Sole H. 
Maxson 
Paloma Oil Field, “Kern County, California, R. W. Clark 
Pre-Cambrian and Cambrian Relations in East-Central Minne- 
sota, A. J. Crowley and G. A. Thiel 
REVIEWS AND NEW PUBLICATIONS 
THE ASSOCIATION ROUND TABLE . 
At HoME AND ABROAD . 


NUMBER 5 (MAY) 


Mississippian Border of Eastern Interior Basin, J. Marvin Weller and 
A. H. Sutton. . : 
Geochemical Exploration (Soil Analysis), Eugene Me cDermott 
REVIEWS AND NEW PUBLICATIONS 
THE ASSOCIATION ROUND TABLE 
Twenty-Fifth Annual Meeting, Chicago, April 10-12, 1940, 
J. Brian Eby . 
Minutes, Twenty-Fifth Annual Meeting, Ed. Ww. Owen 
MEMORIAL 
Franklin S. Prout, W. LZ. Walker . 
Walter Winthrop Scott, D. P. Carlton 
At HOME AND ABROAD . 


NUMBER 6 (JUNE) 


RECENT DEVELOPMENTS 

Wildcat Drilling in 1939, Frederic H. Lahee . . 

Developments in Eastern Interior Basin, 1939 and 1946; “Alfred H. ‘Bell 

Deep-Sand Developments in Appalachian Region during 1939, Thur- 
man H. Myers 

Developments in Michigan during 1930, R. B. Newcombe Sv 

Developments in North Mid-Continent in 1939, Edward A. Koester and 
Robert F. Meyer . 

Developments in Oklahoma during 1939, E. F. Shea 

Recent Developments in South Mid-Continent, Lewis W. MacNaugh- 
ton 

Developments in West Texas and Southeastern New Mexico during 
1939, Dana M. Secor, W.C. Fritz, and W.W.West 

Developments in North and West- Central Texas, 1939, Karl A. M veda 

Developments in East Texas in 1939, H. J. McLellan and E. A. 


vii 


731 
735 
738 


740 
742 


744 
750 
756 
762 


765 
8590 
882 


889 
906 
044 


944 
948 


953 
959 


97° 
974 


994 
IOII 


1025 


1033 
1044 


1062 


4 
: 
q 
a 
et 
F 
q 
| 
a 
: 
. 


viii CONTENTS OF VOLUME 24 


Developments and Status of Oil Reserves in South Texas, 1939, L. B. 


Herring . . 1069 
Review of Developments ir in 1939, Gulf Coast of Upper Texas and 

Louisiana, Oe 1079 
Developments in Southern Arkansas and Northern Louisiana during 

1939, Warren B. Weeks and Joseph Purzer . . . 1092 
Developments in Rocky Mountain Region in 1939, C. E. Dobbin . II00 
Significant Developments in California, 1939, E. R. Atwill. . . . 1112 


GEOLOGICAL NOTES 
Todd Ranch Crockett Texas, D. D. 


DIscussION 
Are the “Omphalotrochus Beds” of the U.S.S.R. Permian? 

REvIEWS AND NEW PUBLICATIONS . ..... . . ... 41134 
MEMORIAL 

Henry Arthur Nedom, Earl G. Colton . . . . . . . 3150 

Ralph Daniel Reed, W. E.Wrather . . . . . . . 3352 

ERRATA 


Pages 50 and 63: Docum should be Dockum. 

Page 145, table: Carizzo should be Carrizo. 

Page 400, paragraph 2 from end, and center heading: Eleventh annual meeting 
should be Tenth annual meeting. 

Page 802, footnote 11, line 4: Broad head formation should be Brodhead formation. 

Page 940, line 8: Isaiah Bowen should be Norman L. Bowen. 

Page 1103, Figure 2: two black spots, due to mechanical imperfection, erroneously 
appear in the southeast (lower right) corner of the map, one below the word “Hartville,” 
the other below the symbol for “gas field” in the “explanation” column. 


| 
} 
| 
{ 
{ 
# 
i 
4 
| 
- 


BULLETIN | 
of the 
AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


: 


| 

i 


BULLETIN 
| of the 
AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


WALTER A. VER WIEBE, Editor 


GEOLOGICAL DEPARTMENT, UNIVERSITY OF WicuiTA, WicHITA, KANSAS 


ASSOCIATE EDITORS 


GENERAL K. C. HEALD gh Oil Fgrcnrer aor Box 1166, Pittsburgh, Pa. 
HUGH D. MISER S. Geological Survey, Washington, D.C. 
THERON WASSON, Pure Oil Company, 35 E. Wacker Drive, Chicago, III. 
PALACHIANS 
North JOHN R. REEVES, Penn-York Natural Gas Corporation, Buffalo, N. Y. 
South eg oy ZIEBOLD, Spartan Gas Company, Charleston, W. Va. 
NORTH CENTRAL STATES B. NEW BE, 9o1 North Otillia SE., Grand Rapids, Mich. 
KANSAS ANTHON ¥ FOLGER’ Gulf Oil Corporation, Wichita, Kan. 
OKLAHOMA 
Western ROBERT H. DOTT, Oklahoma Geological Survey, Norman, Okla. 
Eastern SHERWOOD BUCKSTAFF, Shell Oil Company, Inc., Box 1191, Tulsa, Okla. 
TEXAS 
North and Central Oil Corporation, Fort Worth, Tex. 
Northeastern . A. WEND. DT, Humble Oil and Refining Company, Tyler, Tex. 
San Antonio HERSCHEL ra COOPER. tors Milam Building, San Antonio, Tex. 
Permian Basin RUSSELL LLOYD, Box 1026, Midland, Tex. 
GULF COAST SiDN EY A. JUDSON, "Texas Gulf Producing Company. agen Tex. 


MARCUS A. HAN: NA, Gulf Oil Corporation, Houston, 
ARKANSAS AND NORTH LOUISIANA ~ T. HAZZARD, Gulf Refining Company of Louisiana, ‘_ ny La. 


ROCKY MOUNTAINS E. BRAINERD, Continental Oil Company, Denver, Colo. 
CALIFORNIA W. S. W. KEW, Standard Oil Company, Lo Los Angeles, Calif. 
W. D. KLEINPELL, Box 1131, Bakersield, Calif. 
FOREIGN 
General + C. COBB, Room 2703, 120 ray New York, N 
Europe W. A.J. M. VAN WATERSCHOOT VAN D RACHT, Huize Cadi 
Eeuwige Laan, Bergen, N. H., 
Canada : DORE A. LINK Imperial Oil, Ltd. Calgary, Alberta 
South America HOLLIS D. HEDBERG, Mene Grande Oil Co., Apt. 45, Conia, Venezuela 


VOLUME 24 
JANUARY—DECEMBER 1940 


PART II 
PAGES 1157-2232 


ASSOCIATION HEADQUARTERS 
BOX 979, TULSA, OKLAHOMA 


| e 

‘ 

i 
" 
4° 


THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS, INC. 


OFFICERS FOR THE YEAR ENDING APRIL, 1941 


L. C. SNIDER, President 
New York City 

Epcar W. OWEN, Secretary-Treasurer 
San Antonio, Texas 


Joun M. Vetter, Vice-President 


Houston, Texas 


WALTER A. VER WIEBE, Editor 


Wichita, Kansas 


(The foregoing officers, together with the Past-President, HENRY A. Ley, San Antonio, 
Texas, constitute the Executive Committee) 


DISTRICT REPRESENTATIVES 


(Representatives’ terms expire immediately after annual meetings of the years shown in parentheses) 


Amarillo 

C. Don Hughes (1942), Amarillo, Tex. 
Appalachians 

Paul H. Price (1941), Morgantown, W. Va. 


‘anada 
S. E. Slipper (1941), Calgary, Canada 
Capital 
L. W. Stephenson (1942), Washington, D. C. 


Dallas 
W. W. Clawson (1942), Dallas, Tex. 
East 
N. W. (1941), Tulsa, 
gg? H. Wood (1941), Tulsa, Okla. 
T. E. Weirich (1942), Bartlenniie Okla. 
Fort Worth 
Charles E. Yager (1941), Fort Worth, Tex. 
Great Lakes 


William Norval Ballard (1941), Holland, Mich. 


Alfred H. Bell (1941), Urbana, Ill 
Houston 
A Boyd Best (1941), Houston, Tex. 


Lon D. Cartwright, ‘Jr. (1941), Houston, Tex. 


R. L. Beckelhymer (1942), Houston, Tex. 
New Mexico 
zs — R. Guinn (1941), Hobbs, N. Mex. 
ew 
w. T. Thom, Jr. (1941), Princeton, N. J. 


Pacific Coast 
— K. Armstrong (1941), Los Angeles, 


lif. 
Herschel L. Driver (r041), Los Angeles, Calif. 


E. C. — (1942), Angeles, Calif. 
ounta: 
E. Dobbin (1941), Denver, Colo. 


C. L. Moody (1941), Shreveport, La. 

South, ‘America 

Roger H. _——— (1941), Caripito, Venezuela 
Southeast Gulf 

ames H. McGuirt (1941), University, La. 

So. Permian Basin 

Ronald K. DeFord (1941), Midland, Tex. 
South Texas 

C. C. Miller (1941), Corpus Christi, Tex. 

Harry H. Nowlan (1941), San Antonio, Tex. 


‘yler 

em B. Wilson (1941), Tyler, Tex. 

weet Okla 
C. W. tinson (1941), Ardmore, Okla. 

Wichita 

James I. Daniels (1941), Wichita, Kan. 
Wichita Falls 

James F. Gibbs (1942), Wichita Falls, Tex. 


DIVISION REPRESENTATIVES 
Paleontology and Mineralogy 


Carey Croneis (1941), Chicago, Illinois 


Henryk B. Stenzel (1941), Austin, Texas 


OFFICERS FOR THE YEAR ENDING APRIL, 1940 


President: HENRY A. LEY 
Secretary-Treasurer:EDGAR W. OWEN 


Vice-President: L. Murray NEUMANN 
Editor: WALTER A. VER WIEBE 


(The foregoing officers, together with the Past-President, DONALD C. BARTON, 
Houston, Texas, constitute the Executive Committee) 


COPYRIGHT 1940 BY 
THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


PUBLISHED 
MONTHLY 


Composed and Printed by 
George Banta Publishing Company 
Menasha, Wisconsin, U.S.A. 


| 
| 
| 
_ 4 


CONTENTS OF VOLUME 24 (1940) 
PART II 


NUMBER 7 (JULY) 


Address of Welcome at the on Annual “aie of the Asso- 
ciation, M. M. Leighton . 

The Response, Henry A. Ley 

Memorials, Ed. W. Owen 

This Association, Henry A. Ley . . 

Paleoecological Factors Controlling Distribution of Cretaceous ‘Ammo- 
noids in Texas Area, Gayle Scott 

Partnership between Geology and Geophysics in 1 Prospecting for Oil, 
E. A. Eckhardt 

Geology in the Petroleum Industry, Wallace E. Pratt ; 

Oil-Field Waters of Wyoming and Their Relation to er Forma- 
tions, J. G. Crawford 

GEOLOGICAL NOTES 
Rio Bravo Oil Field, Kern County, California, Earl B. Noble . 
Strand Oil Field, Kern County, ania F. A. Menken . 

REVIEWS AND NEW PUBLICATIONS : 

THE ASSOCIATION RouND TABLE . 

At HoME AND ABROAD . 


NUMBER 8 (AUGUST) 


EXPLORATION METHODS 
Foreword, A. J. Levorsen 
Petroleum Geology, A. I. Levorsen : 
Chemical Engineering in Petroleum Exploration and Production, P. E. 
Fitzgerald . 
Petroleum Engineering as an “Aid in Exploration Geology, C. V. 
Geophysics, E. A. Eckhardt. 
Where Will Young Graduates in Petroleum Geology ‘Acquire Field 
Experience? Frederic H. Lahee. . 
Future Position ot Petroleum Geology in the Oil Industry, E. DeGolyer 
Geochemical Prospecting for Petroleum, Esme Eugene Rosaire * 
Discussion of Geochemical Prospecting, Rosaire, McDermott, Fash, et al. 
Critical Survey of Recent Developments in Geochemical Prospecting, 
Sylvain J. Pirson 
GEOLOGICAL NOTES 
Hydrogenation of Oil: Suggested Natural Source of Hydrogen, 
E. T. Heck . 
Our Experience with ‘Underground Storage of Gas (The Manu- 
facturers Light and Heat Company, Pittsburgh, Pennsyl- 
vania), E. O. Schillhahn . 
Our Experience with Underground Storage of Gas = (The Peoples 
Natural Gas Company), F. H. Finn 


Vv 


1157 
1160 
1162 


1164 


1204 
1209 


1214 


1330 
1333 
1339 
1343 
1348 


1353 
1355 


1361 


1370 
1377 
1386 
1389 
1400 
1434 


1464 


1475 


1478 


1482 


| 
| 
iq 
; 


vi CONTENTS OF VOLUME 24 


Discovery of Oil in Ellenburger Formation, K.M.A. Oil Field, 
Wichita County, Texas, Vernon E. Autry 
Henderson Pool Discovery, Clay County, Texas, George 
Hardison : 
Log of Wildcat Well, Union County, I Towa, W. E. McHugh 
REVIEWS AND NEW PUBLICATIONS 
THE ASSOCIATION ROUND TABLE . 
MEMORIAL 
Donald C. Barton, F. H. Lahee 
George Alfred Kroenlein 
At HOME AND ABROAD . 


NUMBER 9 (SEPTEMBER) 


Radioactivity of Sedimentary Rocks and Associated Petroleum, K. G. 
Bell, Clark Goodman, and W. L. Whitehead : 
Paleogene of Barbados and Its Bearing on History and Structure of 
Antillean-Caribbean Region, Alfred Senn : 
Jurassic-Cretaceous (Girén) Beds in Colombia and Venezuela, Vicor 
Oppenheim 
Paleozoic Limestone of Turner Valley, Alberta, Canada, W. D. C. 
Mackenzie . . 
Lower Ordovician Sand Zones (“St. Peter”) in Middle Tennessee, 
Kendall E. Born . ; 
New Zone in Cook Mountain Formation, Crassatella texalta ‘Harris- 
Turritella cortezi Bowles Zone, H. B. Stenzel . 
GEOLOGICAL NOTES 
Coal in Eocene near Bakersfield, California, Robert W. Clerk . 
Probable Lower Mississippian of Caballos New 
Mexico, C. L. Baker . : 
DISCUSSION 
Possibilities of Heavy-Mineral Correlation of Some Permian 
Sedimentary Rocks, New South Wales, wd Pret Carroll, 
H.G. Raggatt and Irene Crespin. 
REVIEWS AND NEW PUBLICATIONS 
THE ASSOCIATION ROUND TABLE . 
At HoME AND ABROAD . 


NUMBER 10 (OCTOBER) 


Twenty Years of Petroleum Geology in California, Roy M. Barnes 

Eocene Yokut Sandstone North of on California, Robert T. 
White. . 

Applied Paleontology, H ubert G. Schenck 

Larger Gas Fields in Kansas, J. H. Page : 

Relative Porosity and Permeability of Producing Formations of Hugo- 
ton Field, Kansas, as Indicated by Gas Withdrawals and Pres- 
sure Declines, Glenn G. Bartle and Rufus M. Smith . : 

Saxet Oil and Gas Field, Nueces County, Texas, J. C. Poole . 


1494 
1495 
1495 
1498 
1503 
1521 
1521 
1524 


1529 
1548 
1611 
1620 


1641 


. 1663 


1676 


1679 


1682 
1684 
1691 
1701 


1795 


1722 
1752 
1779 


1798 
1805 


a 


CONTENTS OF VOLUME 24 


GeotocicaL Notes 
Rogers Pool, Montague County, Texas, G. C. Clark 
Bonita Discovery, Montague County, Texas, J. P. Gill 
Aspermont Pool Discovery, Stonewall ee Texas, Fred M. 
Haase 
REVIEWS AND NEW PUBLICATIONS 
THE ASSOCIATION ROUND TABLE . 
MEMORIAL 
Edwin Butcher Hopkins, E. DeGolyer F 
Gustavus Edwin Anderson, Charles E. Decker 
Joshua William Beede, E. R. 
At HoME AND ABROAD . 


NUMBER 11 (NOVEMBER) 


Réle of Carbohydrates in Formation of Oil and Bituminous Coals, 
E. Berl 
Downdip Wilcox (Eocene) ‘of ‘Coastal Texas and “Louisiana, é A. 
Culbertson 
Foraminiferal Correlations in n Eocene of San Joaquin Valley, California, 
Doris Laiming F 
Eocene Exploration in California, F. M enken : 
Buckeye Oil Field, Gladwin County, Michigan, Carl C. Addison 2 
Résumé of the Devonian System of West Virginia, Paul H. Price and 
Ramsey Oil Pool, Payne County, Oklahoma, Frost 
Structural History of Billings Field, Noble County, Oklahoma, Inter- 
preted in Terms of Isostasy, Malvin G. Hoffman ; 
STUDENT AWARDS 
Preface, W. A. Ver Wiebe ; 
Relationship of Unconformities to ‘Oil and Gas Accumulation, 
Frank J. Gardner . 
GEOLOGICAL NOTES 
Pittsburg Field, Camp County, Texas, H. C. Vanderpool . 
Surface Formations i in Mississippi, Urban B. — Robert T. 
Harbison, etal... 
Neale Field, Beauregard Parish, Louisiana, H. V. Tygrett . 
Discussion 
Technique of Stratigraphic Nomenclature, C. W. Tomlinson . 
Where Should Young Graduates in Petroleum ee sciaih 
Field Experience? David A. Dunn 
REVIEWS AND NEW PUBLICATIONS 
THE ASSOCIATION ROUND TABLE . 
MEMORIAL 


NUMBER 12 (DECEMBER) 


Heavy-Mineral Zones of Louisiana and Texas Gulf Coast Sediments, 
William M. Cogen 


vii 
1836 
1838 
1839 
1841 
1847 
1851 
1854 


1855 
1858 


1865 
1891 
1923 
1940 
1950 


1983 
1995 


2006 
2019 
2022 
2032 


2033 
2034 


2038 
2047 
2049 
2056 


2060 
2061 


2069 


q 
an 
& 


Vili CONTENTS OF VOLUME 24 


Los Bajos Fault of South Trinidad, B.W.I., C. C. Wilson . 
Hoffman Field, Duval County, Texas, Harvey Whitaker 
Structural Interpretation of Recent Gravity Observations in South- 
eastern Oklahoma, Thomas A. Hendricks 
Isopachous Studies of Ellsworth to Traverse Limestone ‘Section of 
Southwestern Michigan, Margaret Stearns Bishop . . 
Water Cones and Water Sheaths in oan canal Oil Wells, F. B. 
Plummer and H. K. Livingston 
GEOLOGICAL NOTES 
Jones County, Texas, Discovery, Orion A. Daniel and J. B. 
Lovejoy . 
Microscopic Examination of Permian Crude Oils, “Ronald K. 
DeFord. 
Miocene Fishes in : Well Cores from Torrance i in Southern Cali- 
fornia, Lore David 
REVIEWS AND NEW PUBLICATIONS 
THE ASSOCIATION ROUND TABLE . 
At HoME AND ABROAD . 
INDEX OF VOLUME 24 (1940) 


ERRATA 


Page 1699, last line: El Renos should be El Reno. 
Page 2006, Abstract, line 7: 20,0000 feet should be 20,000 feet. 


2102 
2126 


2143 
2150 


2163 


2180 
2181 


2182 
2185 
2192 
2202 
2205 


| 
| 
| 
| 
| 
2 


Bulletin of The American Association of Petroleum Geologists, December, 1940 ix 


PROFESSIONAL DIRECTORY 


Space for Professional Cards Is Reserved for 
Members of the Association. For Rates Apply to 
A.A.P.G. Headquarters, Box 979, Tulsa, Oklahoma 


CALIFORNIA 


J. E. EATON 
Consulting Geologist 


2062 N. Sycamore Avenue 
LOS ANGELES, CALIFORNIA 


PAUL P. GOUDKOFF 


VERNON L. KING Geologist 
troleum logi. i 
Geologic Correlation by Foraminifera 
401 Hass Building and Mineral Grains 
Los ANGELES, CALIFORNIA 799 Subway Terminal Building 


Los ANGELES, CALIFORNIA 


CHAS. GILL MORGAN 


United Geophysical Company 


Pasadena California 


R. L. TRIPLETT 
Contract Core Drilling 


; 2013 West View St. 
WHitney 9876 Los ANGELES, CALIF. 


R. W. SHERMAN 
Consulting Geologist 
Security Title Insurance Building 


530 West Sixth St. 
Los ANGELES 


} 
| 
| 
| 
| 


Bulletin of The American Association of Petroleum Geologists, December, 1940 


COLORADO 


IOWA 


HEILAND RESEARCH CORPORATION 
Registered Geophysical Engineers 


ALLEN C. TESTER 
Geologist 


C. A. Club Bldg. 
President Denver, COLO. 
ILLINOTS 
ELMER W. ELLSWORTH L. A. MYLIUS 
Consulting Geologist Geologist-Engineer 
Wham Building 
212 East Broadway 
a Box 264 CENTRALIA, ILLINOIS 
KANSAS 


MARVIN LEE 


Consulting Petroleum Geologist 
1109 Bitting Building 
WicHITA, KANSAS 
Office: 3-8941 Residence: 4-4873 
GEOLOGY AND PRODUCTION PROBLEMS OF 

OIL AND GAS IN THE UNITED STATES 
Formerly Technical Adviser to State Corporation 
Commission. Official mail should be addressed to 
the Commission. 


L. C. MORGAN 
Petroleum Engineer and Geologist 
Specializing in Acid-Treating Problems 


207 Ellis-Singleton Building 
Wicnita, KANsas 


‘ 


LOUISIANA 


MISSISSIPPI 


WILLIAM M. BARRET, INC. 
Consulting Geophysicists 
Specializing in Magnetic Surveys 


Giddens-Lane Building SHREVEPORT, La. 


FRANK C. ROPER Joun D. Topp 


ROPER & TODD 
Consulting Geologists 


1002 Tower Bldg. 


527 Esperson Bldg. 
Jackson, Miss. 


Houston, Texas 


NEW 


YORK 


FREDERICK G. CLAPP 
Consulting Geologist 


BROKAW, DIXON & McKEE 
Geologists Engineers 
OIL—NATURAL GAS 
Examinations, Reports, Appraisals 
Estimates of Reserves 


50 Church Street 
NEW YORK 120 Broadway Gulf Building 
New York Houston 
OHIO 
JOHN L. RICH 
Geologist 


Specializing in extension of ‘‘shoestring’’ pools 
University of Cincinnati 
Cincinnati, Ohio 


x 
| 


Bulletin of The American Association of Petroleum Geologists, December, 1940 


xi 


OKLAHOMA 
GINTER LABORATORY 
ELFRED BECK CORE ANALYSES 
Geologist Permeability 
Porosity 
i Bldg. Bo 
DALLAS, TEX. R. Le GINTER 
Owner 118 West Cameron, Tulsa 


GEOCHEMICAL SERVICE CORP. 
GEOLOGIC STANDARDS COMPANY 


Soil Analysis—Core Analysis 


JOHN W. MERRITT 


R. W. Laughlin L. D. Simmons 
WELL ELEVATIONS 


LAUGHLIN-SIMMONS & CO. 
615 Oklahoma Building 


321 South Detroit, Tulsa, Oklahoma Tusa OKLAHOMA 
A. I, LEVORSEN 
Petroleum Geologist 
221 Woodward Boulevard 
TULSA OKLAHOMA 


G. H. WESTBY 
Geologist and Geophysicist 


Seismograph Service Corporation 


Kennedy Building Tulsa, Oklahoma 


PENNSYLVANIA 


HUNTLEY & HUNTLEY 


Petreleum Geologists 
and Engineers 
L. G. HuNTLEY 


J. R. Jr. 
Grant Building, Pittsburgh, Pa. 


TEXAS 


JOSEPH L. ADLER 
Geologist and Geophysicist 


Consultant and Contractor in Geological and 
Geophysical Exploration 


2011 Esperson Bldg. 
HOUSTON, TEXAS 


MID-CONTINENT TORSION BALANCE SURVEYS 
SEISMIC AND GRAVITY INTERPRETATIONS 
KLAUS EXPLORATION COMPANY 
H. KLAUS 
Geologist and Geophysicist 


115 South Jackson 2223 15th Street 
Enid, Oklahoma Lubbock, Texas 


| 
2 


Bulletin of The American Association of Petroleum Geologists, December, 1940 


A. H. GARNER 
Geologist Engineer 


PETROLEUM 
NATURAL GAS 


Continental Building 


Dallas, Texas 


D’ARCY M. CASHIN 
Geologist Engineer 
Specialist, Gulf Coast Salt Domes 


Examinations, Reports, Appraisals 
Estimates of Reserves 


705 Nat'l. Standard Bldg. 
HOUSTON, TEXAS 


E. DEGOLYER 
Geologist 
Esperson Building 
Houston, Texas 


Continental Building 
Dallas, Texas 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 


DAVID DONOGHUE 
Consulting Geologist 
Appraisals - Evidence - Statistics 


Fort Worth National FORT WORTH, 


F. B. Porter R. H. Fash 
President Vice-President 


THE FORT WORTH 
LABORATORIES 


Analyses of Brines, Gas, Minerais, Oil, Inter- 
pretation of Water Analyses. Field Gas Testing. 


82814 Monroe Street FORT WORTH, TEXAS 


Bank Building TEXAS 
J. S. HUDNALL G. W. PirTLE 
JOHN S. IVY 
HUDNALL & PIRTLE 
Petroleum Geologists Geologist 


Appraisals Reports rae 
921 Rusk Building, HOUSTON, TEXAS 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS 

W. P. JENNY 
Geologist and Geophysicist CECIL HAGEN 
Gravimetric Seismic Geologist 
Magnetic Electric 
Surveys and Interpretations Gulf Bldg. HOUSTON, TEXAS 


1406 Sterling Bldg. HOUSTON, TEXAS 


DABNEY E. PETTY 
315 Sixth Street 
SAN ANTONIO, TEXAS, 


No Commercial Work Undertaken 


E. E, ROSAIRE 
SUBTERREX 
BY 
Geophysics and Geochemistry 
Esperson Building Houston, Texas 


xii 
| 
| 
| 
i 


Bulletin of The American Association of Petroleum Geologists, December, 1940 


xiii 


ROBERT H. DURWARD 
Geologist 


Specializing in use of the magnetometer 
and its interpretations 


1431 W. Rosewood Ave. San Antonio, Texas 


W. G. SAVILLE J. P. SCHUMACHER A. C, PAGAN 


GRAVITY METER EXPLORATION CO. 
TORSION BALANCE EXPLORATION 
co. 


Gravity Surveys 
Domestic and Foreign 
830-2 SHELL BLDG. HOUSTON, TEX. 


ROBERT H. RAY 
ROBERT H. RAY, INC. 


Geophysical Engineering 
Gravity Surveys and Interpretations 


Gulf Bldg. Houston, Texas 


CUMMINS & BERGER 
Consultants 
Specializing in Valuations 
Texas & New Mexico 


Ralph H. Cummins 
Walter R. Berger 


1601-3 Trinity Bldg. 
Fort Worth, Texas 


WM. C. McGLOTHLIN 


Petroleum Geologist and Engineer 


Examinations, Reports, Appraisals 
Estimates of Reserves 


Geophysical Explorations 
806 State Nat'l. Bank Bldg., CORSICANA, TEXAS 


JOHN D. MARR 
Geologist and Geophysicist 
SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


F. F. REYNOLDS 
Geophysicist 
SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


WEST VIRGINIA 


WYOMING 


DAVID B. REGER 
Consulting Geologist 
217 High Street 


MORGANTOWN WEST VIRGINIA 


E. W. KRAMPERT 
Geologist 


P.O. Box 1106 
CASPER, WYOMING 


| 
| 
| 
| 


Bulletin of The American Association of Petroleum Geologists, December, 1940 


DIRECTORY OF 
GEOLOGICAL AND GEOPHYSICAL 
SOCIETIES 


For Space Apply to A.A.P.G. Headquarters 
Box 979, Tulsa, Oklahoma 


COLORADO 


ILLINOIS 


ROCKY MOUNTAIN 
ASSOCIATION OF PETROLEUM 
GEOLOGISTS 
DENVER, COLORADO 


- Harold N. Hickey 
0 National Bank 

1st Vice. - Stevens 
Colorado School “of. Mines, 

2nd Vice-President - - -  Ninetta Davis 

224 VU. Customs Building 
Secretary-Treasurer - Dart Wantland 
927 Humboldt Street 


Dinner meetings, first and third Mondays of each 
month, 6:15 P.m., Auditorium Hotel. 


ILLINOIS 
GEOLOGICAL SOCIETY 


President - += + + Melville W. Fuller 
Carter Oil Company, Mattoon, Box 568 


Vice-President - - - + + Maxwell B. Miller 
The Texas Company, Mattoon 


Secretary-Treasurer - + + James G. Mitchell 
The Pure Oil Company, Clay City 


Meetings will be announced. 


KANSAS LOUISIANA 
KANSAS THE SHREVEPORT 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 
ICHITA, KANSAS SHREVEPORT, 
President - - - Anthony Folger President - ren B. Weeks 
Gulf Petroleum Corporation Phillips Petroleum Co., 1009 Ciddene: Lane Bldg. 
Vice-President - - Harold "O. Smedley Vice-President - - - - Weldon E. Cartwright 


Skelly Oil, 
Secretary-Treasurer - - ee H. Cornell 
Stanolind Oil and Gas 
Manager of Well Log Bureau -  Harvel E. White 
Regular Meetin, 7:30 P.M., Allis Hotel, first 
Tuesday of each month. Visitors cordially’ wel- 

comed. 

The Society sponsors the Kansas Well Log Bureau 

MF is located at 412 Union National Bank 
uilding. 


Tide Water Associated—Seaboard Oil Cos. 
Secretary-Treasurer - - - - S. C. Giese 
Stanolind O. & G. Co., 519 “Commercial Natl. 

Bank Bldg., Box 1092 
Historian - - Robert B. Totten 
Phillips Petroleum Company 
Meets the first Friday of every month, 7: ‘at P.M., 
Civil Courts Room, Caddo Parish Court House. 
Special dinner meetings by announcement. 


MICHIGAN 
MICHIGAN 
GEOLOGICAL SOCIETY 
President - WwW. Clark 
Michigan Elevation Service, ‘Box 192, Mt. ge 
Vice-President - - W. F. Brown 


Mt. Pleasant 


Secretary-Treasurer - C. H. Riggs 
Michigan Geological Survey 
21 Sheldon, N.E., Grand Rapids 


Business Manager - S. G. Bergquist 
Michigan State College, East Lansing 


mar : Monthly dinner meetings rotating be- 
a. Mt. Pleasant, and sing. Infor- 


SOUTH LOUISIANA GEOLOGICAL 
SOCIETY 


LAKE CHARLES, LOUISIANA 
President - - H. V. Tygrett 
Atlantic Refining Company 
Vice- lies - Coe Mills 

hio Oil Company, Lafayette “Louisiana 
Box 210 


Treasurer - Hoskins 
Shell Oil Company, Inc., Box 598 


Meetin Luncheon 1st Wednesday at Noon 
(12: 00) and business meeting third Tuesday of 
month at 7.00 P.M. at the Majestic Hotel. Visiting 
geologists are welcome. 


xiv 
| 
|| 
| 


Bulletin of The American Association of Petroleum Geologists, December, 1940 


xv 


MISSISSIPPI 


OKLAHOMA 


MISSISSIPPI 
GEOLOGICAL SOCIETY 
JACKSON, MISSISSIPPI 


President. - - Urban B. Hughes 
Consulting Geologist, 605 Tower Building 


Vice-President - - + Tom McGlothlin 
Gulf Refining Company, Box 1105 
Secretary-Treasurer - - + - David C. Harrell 


Carter Oil Company, Box 1490 


Meetings: First and third Wednesdays of each 
month, from October to May, inclusive, at 7:30 
P.M., Edwards Hotel, Jackson, Mississippi. Visiting 
geologists welcome to all meetings. 


ARDMORE 
GEOLOGICAL SOCIETY 
ARDMORE, OKLAHOMA 


President - - - + W. Morris Guthrey 
The Texas Company, Box 539 
Vice-President - - Paul L. Bartram 


Phillips Petroleum Company 
- Tom L. Coleman 
U. S. Geological “Survey, Box 719 
Meetings 
ber to 


Country 


: First Tuesday of each month, from Octo- 
ay, ie inclusive, at 7:30 P.M., Dornick Hills 
lub 


OKLAHOMA 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 


Albert S. Clinkscales 
Geologist, Colcord Building 


Vice-President Clyde H. Dorr 
Hall-Briscoe, Inc., 2118 First National Bldg. 


Presiden 


Secretary-Treasurer- - Mabry Hoover 
Empire Oil & Refg. “eke Box 4577 


Meeti: Ninth Floor, Commerce Exchange Build- 

ing: echnical Program, second Monday, each 

— 8:00 P.M.; Luncheons, every Monday, 
215 P.M. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


President - - - Lawrence Muir 
Amerada Petroleum Corporation, Box 896 
Vice-President - - - M. C. Roberts 
The Texas Company 


Secretary-Treasurer -_- - F. Spencer Withers 
Atlantic Refining Company 


Meets the fourth Monday of each month at 8:00 
P.M., at the Aldridge Hotel. Visiting geologists 
welcome. 


THE STRATIGRAPHIC 
SOCIETY OF TULSA 
TULSA, OKLAHOMA 


President - - apne ty E. Upp 
Amerada Petroleum Corporation, fee 2040 
Vice-President - - - - Wendell S. Johns 


The Texas Company 
Secretary-Treasurer - - - - Floyd L. Swabb 
Sun Oil Company, Box 1348 


Meetings: Second and fourth Wednesdays, each 
— from October to May, inclusive, at 8:00 
P.M 


TULSA, OKLAH 


President - - L. Borden 
The Pure Oil Company, — 271 
1st Vice-President - - - Bartram 
Stanolind Oil and Gas pany 
2nd Vice-President - - + Ronald J. Cullen 
Sun Oil Company 
Secretary-Treasurer- - - Herbert H. ame 
Stanolind Oil and Gas Company, Bc Box 591 
Editor- - - Ferguson 
Amerada Petroleum Corporation 
Associate Editor- - - - - + Hiram J. Tandy 
Route 7 
Meetings: First and third Mondays, each month, 
from October to May, inclusive, at 8:00 P.M., 
University of Tulsa, Kendall Hall Auditorium. 
Luncheons: Every Thursday (October-May), Mich- 
aelis Cafeteria, 507 South Boulder Avenue. 


TEXAS 
PETROLEUM GEOLOGISTS 
DALLAS, TEXAS TYLER, TEXAS 
President - - - W. Clawson 
Magnolia Petroleum tee ‘Box 900 President - - - Frank R. Denton 
Vice-President- - - - Lewis W. ae Stanolind Oil and Gas Company 


DeGolyer, MacNaughton, and McG 


Secretary-Treasurer - - D. M. Collingwood 
Sun Oil Company, Box 2880 


Executive Committee - + + Paul W. McFarland 
Meetings: Regular ions. first Monday of om 


Vice-President - - C. I. Alexander 
Magnolia Petroleum anne Box 780 


hell Oil Company, I Inc. Be: 


Meetings: Monthly and by call. 
Luncheons: Every Monday at 12:00 noon, Black- 
stone Hotel. 


month, 12:15 noon, Petroleum Club. Special night 
meetings by announcement. 
on 


= 
} 
| 
4 
| 
| 
| 
| 


Bulletin of The American Association of Petroleum Geologists, December, 1940 


TEXAS 
FORT WORTH HOUSTON 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 
FORT WORTH, TEXAS HOUSTON, TEXAS 
President. - George S. Buchanan 
President - - : ae | S. Powell Consulting Geologist, Esperson B Buildin 
The Texas Company, Box 1720 Vice-President - - 
Vice-President - - - + Louis H. Freedman Sun Oil Comp eis Box 2659 
Snowden and McSweeney Company Secretary- - - + - - Leslie Bowling 
Company of California 
Secretary-Treasurer - Vernon Lipscomb 4 Commercial 
The Pure Oil Company, Box 2107 Ppsoeweey ons Dugald Gordon 


Meetings: Luncheon at noon, Worth Hotel, — 
Monday. Special meetings called by executive 

Visiting geologists are welcome to 
meetings. 


Brokaw, wai and McKee, Gulf Building 
Segeiee menting | held every Thursday at noon (12 
lock) above ait 's Restaurant, 910 Texas Ave- 
nue. For an aye ars pertaining to the meetings 
write of call the secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 


WICHITA FALLS, TEXAS 


President - J._R. Seitz 
Seitz, Comegys, and Seitz, 531 Waggoner Building 
Vice-President - - : J. J. Russell, Jr. 
Sinclair Prairie Oil “Company 
509 Hamilton Building 
Secretary-Treasurer - - - J. M. Clark 
Tide Water Associated Oil Company 
924 Hamilton Building 


Luncheons and evening programs will be an- 
nounced. 


SOUTH TEXAS GEOLOGICAL 
SOCIETY 


SAN ANTONIO CHRISTI 


- - + Fred P. Shayes 
United Gas “Company, Beeville 
Vice-President - - - + Gentry Kidd 
Stanolind Oil and Gas Company, San Antonio 

Secretary-Treasurer- + - Robert N. Kolm 

1742 Milam Building, San Antonio 
Executive Committee- - - - + +L. W. Storm 
Meetings: Third Friday of each month alternately 
in San Antonio and Corpus Christi. Luncheon 
every Monday noon at Milam Cafeteria, San An- 
tonio, and at Plaza Hotel, Corpus Christi. 


SOUTHWESTERN GEOLOGICAL 
SOCIETY 
AUSTIN, TEXAS 
President - - - -_- _H.B. Stenzel 


Bureau of Economic Geology 


Vice-President - - - - William A. Bramlette 
Univ. Texas, Dept. of logy 


Secretary-Treasurer - - - + Travis Parker 
Univ. Texas, Dept. of Geology 


ge: | third Friday at 8:00 p.m. at the 
Mestings: E Texas, Geology Building 14. 


WEST TEXAS GEOLOGICAL 
SOCIETY 


MIDLAND, TEXAS 
Standard Oil Company y of ‘exas, Box 1660 


Vice-President - 
Skelly “Oil Company 


Secretary-Treasurer + + Fred F. Kotyza 
Tide Water Associated Oil Company, Box 181 


Dana M. Secor 


Meetings will be announced 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


CHARLESTON, WEST VIRGINIA 
P.O. Box 1435 
President. - R. Lockett 
Ohio Fuel Gas Co., Box 117, OO hy Ohio 
Vice-President - harles Brewer, 
Godfrey L. Cabot, Inc., , Box 348, Charleston, W. 4 


Secretary-Treasurer - - ‘Thurman Myers 
Carnegie Natural Gas Co., 
Editor - - - Robert C. Lafferty 


Owens, Libbey. ‘Owens Gas Department 
Box 1375, Charleston, W.Va. 
Meetings: Second Monday, each month, ex 
and August, at 6:30 P.M., Kanaw 
ote. 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 


President - - W. T. Born 
Geophvsical Research Co ration 
Box 2040, Tulsa, Oklahoma 
Vice-President - - H. B. Peacock 
Geophysical Service, “Inc., “Houston, Texas 
Editor - D. Wyckoff 
Gulf Research and ‘einen Company 
Pittsburgh, Pennsylvania 
Sanne - + + + + Andrew Gilmour 
Amerada Petroleum Corporation 
Box 2040, Tulsa, mye 
Past-President.- - A. Eckhardt 
Gulf Research and iiinaiin Company 
Pittsburgh, Pennsylvania 
Business - -_+ J. F. Gallie 
. Box 777, Austin, Texas 


xvi 
8 
i 
pt | 
ha 


Bulletin of The American Association of Petroleum Geologists, December, 1940 


GEOLOGY OF THE TAMPICO REGION, MEXICO 


By JOHN M. MUIR 
280 pp., 56 illus. Cloth. 6 x 9 inches. 
$4.50 ($3.50 to A.A.P.G. members and associates) 
American Association of Petroleum Geologists, Box 979, Tulsa, Oklahoma 


TECTONIC MAP OF SOUTHERN CALIFORNIA 
By R. D. Reep anp J. S. 


In 10 colors. From “Structural Evolution of Southern California,” BULL. A.A.P.G. (Dec., 1936). 
— \y = ra mile. Map and 4 structure sections on strong ledger paper, 27 x 31 inches, rolled in 
tube, postpai 


The American Association of Petroleum Geologists, Box 979, Tulsa, Oklahoma 


REVUE DE GEOLOGIE REVIEW OF GEOLOGY 
et des Sciences connexes and Connected Sciences 
RASSEGNA DI GEOLOGIA RUNDSCHAU FUR GEOLOGIE 
e delle Scienze affini und verwandte Wissenschaften 


Abstract journal published monthly with the caanezetion of the FONDATION UNIVERSITAIRE DE 
BELGI TQUE E and under the auspices of the SOCIETE GEOLOGIQUE DE BELGIQUE with the collabora- 
tion of several scientific institutions, geological surveys, and correspondents in all countries of the world. 
GENERAL OFFICE, Revue de Géologie, Institut de Géologie, Université de Liége, Belgium. 
TREASURER, Revue de Géologic, 35, Rue de Armuriers, Liége, Belgium. 


Subscription, Vol. XX (1940), 36 belgas Sample Copy Sent on Request 


The Anncleted Articles Published in 
Bibliography of Economic Geology GEOPHYSICS 
Vol. Xl, No. | Volume V, Number 3 (October, 1940) 
Now Ready Tidal Force Observations .............. Alfred Wolf 
5 The Reliability of Geophysical Anomali th 
Orders are now being take: tor the Basis. of Probability. 
entire volume at $5.00 or for individual | Thomas A. Elkins 
numbers at $3.00 each. Volumes I-X can Transient Testing of Seismic Recording Apparatus 
still be obtained at $5.00 Harold Washburn. and Raymond Oleson 
The Form and Nature of Seismic Waves and the 
The number of entries in Vol. XI is Structure of Seismograms ........ Norman Ricker 
2.247 The Time Delay of a Wave Group in 
Of these, 529 refer to petroleum, gas, Shot Hole Characteristics in Reflection Pha 3! 4 
etc, and geophysics. They cover the | | occ ready 
world. Michigan Weathering ................ N. N. Zirbel 
‘ Seismic Refraction Studies in the Orinoco B 
If you wish future numbers sent you 
promptly, kindly give us a continuing Magnetic Core Orientation—The Mien of the 
order. Upside Down Core .......... Edward D. Lynton 
An Index of the 10 volumes was issued in A cumulative index of Society publications from 1931 
May, 1939. Price: $5.00 reaps ol a is now available and may be obtained 
i ishi THE SOCIETY OF EXPLORATION 
Economic Geology Publishing Co. OF 


Urbana, Illinois, U.S.A. P. O. Box 777 Austin, Texas 
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FIRST IN OIL 
1895 — 1940 


THE 


FIRST NATIONAL BANK AND TRUST COMPANY 
OF TULSA 


THE GEOTECHNICAL CORPORATION 


Roland F. Beers 
President 


1702 Tower Petroleum Building 
Telephone L D 711 Dallas, Texas 


Geology of North America 


Edited by Prof. Dr. Rudolf Ruedemann and Prof. Dr. Robert Balk 
Volume I (In English) Introductory Chapters, and Geology of the Stable Areas 


Table of Contents: 
The Physiography of North America, by J HARLEN Bretz 
General Geology of North America, by RupoLF RUEDEMANN 
The Greater Structural Features of North America: The Geosynclines, Borderlands, 
and Geanticlines, by CHARLES SCHUCHERT 
General Paleogeography of North America, by RupoLF RUEDEMANN 
Climates of the Past in North America, by RupoLF RuEDEMANN 
Geology of Greenland, by Curt TEICHERT 
Geology of the Arctic Archipelago and the Interior Plains of Canada, by E. M. KrnpLe 
The Canadian Shield, by Mortey E, Witson 
The Appalachian Plateau and Mississippi Valley, by CHARLES Butts 
Geology of the Southern Central Lowlands and Ouachita Province, by PAuL RUEDEMANN 
The and Gulf Coastal Plain, by L. W. STepHENson, C. W. Cooke, and JULIA 
Canadian Extension of the Interior Basin of the United States, by T. H. CLarx, G. M. 
Kay, E. R. Cumrines, A. S. WaRTHIN, Jr., and G. S. HuME 
With 14 Plates and 53 Text Figures (X and 643 Pages) 1939 
Price, bound, RM 16.— 
Published by 


Gebriider Borntraeger in Berlin (Germany) _ 


— 
see | 
xviii 
| 
| 
| 


The Thompson 


AMPLE MACHINE 


e THOMPSON SAMPLE MACHIN 
construction and accurate 

jaresults: Its dependable operation ha 
‘proven its worth. The sample machine 
is mounted on the side of the famous | 
THOMPSON SHALE SEPARATOR. A 
portion of the returns from the flow — 
line is diverted through a bypass into 
‘the SAMPLE MACHINE where all the 
cuttings are washed and deposited int 
a sample box. A sample of mud is 
verted into ether. sample box where 


¥ 
AS SIMPLE AS READING A HOG! 
Through Supply Stores E hére 
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PRACTICAL PETROLEUM 
ENGINEERS’ HANDBOOK 


BY JOSEPH ZABA, E.M.M.Sc. 
Petroleum Engineer, Rio Bravo Oil Company 


and 


W. T. DOHERTY 
Division Superintendent, Humble Oil & Refining Company 


For a number of years there has been a growing demand for a hanclbook containing formulae 
and other practical information for the benefit of the man working in the production and drilling 
branches of the oil industry. So great has been this need that many engineers have tried to ac- 
cumulate their own handbooks by clipping tables, formulae and figures from scores of sources. 


The co-authors of this volume discovered by coincidence that each had been for a period 
of several years accumulating practical data which through their collaboration appears in this 
book. Both of them are men who have not only received theoretical training but who have had 
many years of practical experience as engineers in dealing with every day oil field drilling and 
production problems. 


As a result of this collaboration of effort the publishers of this volume feel that it is a most 
valuable contribution to oil trade literature. 


Its purposes are distinctly practical. The tables, formulae, and figures shown are practical 
rather than theoretical in nature. It should save the time of many a busy operator, engineer, 
superintendent, and foreman. 


TABLE OF CONTENTS 


Chapter !—General Engineering Data Chapter V—Drilling 
Chapter 1|—Steam Chapter VI—Production 
Chapter !!|—Power Transmission Chapter Vil—Transportation 


Chapter !V—Tubular Goods 
Semi-Flexible Fabrikoid Binding, Size 6 x 9, 408 pages—Price $5.00 Postpaid 


Send check to 


THE GULF PUBLISHING COMPANY 
P. O. Drawer 2811 Houston, Texas 
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Watch LANE-WELLS for 


Lane-Wells Radioactivity Well Log- 
ging Service is an advanced method 
of determining bore hole formation 
characteristics in both cased and 
uncased holes. This new service is 
now being offered in Oklahoma and 
Kansas and will be extended to 
other oil fields as soon as practic- 


able. 


Formations are logged through as 
many as three strings of cemented 


by fiuid contents of the bore hole 


casing. Results are not influenced. 


RADIOACTIVITY 


WELL LOGGING 


SERVICE 


Description of Lane-Wells Radioactivity 
Well Logging equipment and operating 
methods together with comparative Radio- 
activity logs and electrical logs, is avail- 
able in bulletin form. Write: Lane-Wells 
Company, 5610 South Soto Street, Los 
Angeles, California 


and Radioactivity logs made in 
open hole with very salty mud, or 
with oil base drilling fluid, have full 
details and are easily correlated 
with logs made in wells which are 
already cased. 


LANE-WELLS EVERYWHERE 


OIL WELL SURVEYING 


ELECTRICAL OPEN HOLE LOGGING - 
LINER HANGERS - 


UN PERFORATING - PACKERS - 
BRIDGING - PLUGS 


Just Out! 


Geophysical Prospecting for Oil 


By L. L. Nettleton, Gulf Research Devel- 
opment Co., 444 pages, illustrated, $5.00 


This book brings you facts drawn from the author’s 10 
years of experience in commercial applications of geophysi- 
cal methods. Each method is given a thorough ground work 
of theory, upon which is built an understandable discus- 
sion of types of apparatus, field operations, calculations, 
and other practical details. The book also includes emphasis 
on the increasingly important gravimeter, its operation, 
and reduction and calculation of gravity values, and a 
section giving help in the judgment and weighing of geo- 
physical results. 


AY 


\ 


ORDER FROM 


The American Association of Petroleum Geologists 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
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yest: 


DEPENDABLE REFLECTION SURVEYS 


SEISMIC'S reputation for accurate sub-surface maps is the result of 
advanced reflection seismograph equipment, modern technique and a 
thoroughly experienced personnel. To those operators planning an ex- 
ploration campaign we issue an invitation to investigate our record, 
which provides unquestionable proof of the accuracy of our interpre- 


tations. 


SEISMIG EXPLORATIONS, INC. 
HOUSTON 


5 
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DRILLING and EXPLORATION 
COMPANY, INC. 


J. E. Brantly, President 
Chas. R. Rider, Vice-President 


DRILLING CONTRACTORS 


Geologists and Engineers 


Box 2, Station H. Continental Bldg. 
Los Angeles, Calif. Dallas, Tex. 
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i i liforni in Ameri 
Mid Continent, California, Latin America 
a 


Bulletin of The American Association of Petroleum Geologists, December, 1940 XXV 
It has always been our belief that competent research 
is the foundation for all worthwhile technical ad- 


vances. 


For 13 years we have acted on this belief, and each 
year have directed our research toward the improve- 
ment of our magnetic and electric methods. 


Our appropriation for research in 1941 will 
be larger than for any previous 
year. 


MAGNETIC AND ELECTRIC SURVEYS i = 


WILLIAM M. BARRET, INC. 


Consulting Geophysicists 
GIDDENS-LANE BLDG., SHREVEPORT, LA. 


; 
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Robert H. Ray, Inc. 


GEOPHYSICAL ENGINEERING 
SPECIALIZING GRAVITY SURVEYS 


AND 


INTERPRETATION 


CONTRACTING 
CONSULTING 


Foreign—Domestic 


GULF BLDG. CABLE 
HOUSTON, Tex. 
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BACK VOLUMES AT HALF PRICE 


Members and associate members of the Society of Economic Paleontologists and Min- 
eralogists and of the Paleontological Society and subscribers of the 


JOURNAL OF PALEONTOLOGY 


will be privileged for a limited time to purchase complete Volumes 2 (1928) to 11 (1937) 
at the very special price of Three Dollars ($3.00) per volume. This offer represents a 
50 per cent discount from regular prices and gives opportunity that should not be over- 
looked. Furthermore, only part of the supply of back volumes will be sold at this price. 
The stock of Volume 1 is exhausted, but any others can be purchased. Place order promptly 
if you wish to secure discount because this offer will be withdrawn as soon as allotment of 
copies is exhausted. 


Members and associate members of the Society of Economic Paleontologists and Mineral- 
ogists and subscribers of the 


JOURNAL OF SEDIMENTARY PETROLOGY 


may purchase, for a limited time, complete Volumes 1 (1931) to 7 (1937), at half price, 
One Dollar and a Half ($1.50) per volume. 


SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
Box 979, Tulsa, Oklahoma 


GULF COAST OIL FIELDS 


FIFTY-TWO AUTHORS 


Forty-Four Papers Reprinted from the Bulletin of The American Association of 
Petroleum Geologists with a Foreword by Donald C. Barton 


EDITED BY 
DONALD C. BARTON 
Humble Oil and Refining Company 
AND 
GEORGE SAWTELLE 
Kirby Petroleum Company 


THE INFORMATION IN THIS BOOK IS A GUIDE FOR FUTURE DISCOVERY 


@ 1,084 pages, 292 line drawings, 19 half-tone plates 
® Bound in blue cloth; gold stamped; paper jacket; 6x9 inches 


PRICE: $4.00, EXPRESS OR POSTAGE FREE 
($3.00 to A.A.P.G. bers and iate members) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
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A National Research Council—A.A.P.G. Book 


RECENT 
MARINE SEDIMENTS 


PARKER D. TRASK, Editor, U. S. Geological Survey, Washington, D.C. 
A SYMPOSIUM OF 34 PAPERS BY 31 AUTHORS 


Prepared under the direction of a Subcommittee of the Committee on Sedimentation of the 
Division of Geology and Geography of the National Research Council, Washington, D.C.: 
Cart W. Correns, Stina GRIPENBERG, W. C. KruMBEIN, PH. H. KuENEN, Otto PRATJE, ROGER 
REVELLE, F. P. SHEparD, H. C. STEtson, PARKER D. TRASK, CHAIRMAN. 


Members of Committee on Sedimentation: : 
Error BLACKWELDER, M. N. BRAMLETTE, Cart B. Brown, M. I. Gotpman, M. M. LeicuTon, 
H. B. Miner, F. J. Petriyjoun, R. Dana RusseEtt, F. P. SHEPARD, H. C. Stetson, W. A. 
Tarr, A. C. Tester, A. C. TRowsrince, W. H. TwENHOFEL, T. WAYLAND VAUGHAN, C. K. 
WENTWoRTH, ParKER D. TRASK, CHAIRMAN 


This book is on the topic of Sedimentation and Environment of Deposition recently voted No. 
1 in geological research of most importance to the progress of petroleum geology,—in a poll 
of the 3,000 A.A.P.G. members and associates, conducted by the Research Committee. Through- 
out the book, the basic data—observational facts—are emphasized rather than speculative 
inferences. : 


“This work on the recent marine sediments will be of great value to students of sediments, 
to classes concerned with studies of sediments, and to geologists concerned with mineral deposits 
in the sedimentary rocks, particularly the deposits of mineral fuels. The Subcommittee is to be 
congratulated on completion of the work.”—W. H. Twenhofel, University of Wisconsin. 


“The story of earth’s immediate yesterdays is written in deposits as yet unconsolidated, or 
but little consolidated. Geologists are becoming increasingly aware of their importance, but 
have needed more well-collated information than has been readily available. This book will 
do much to remedy the lack.”—Science News Letter (November 4, 1939). 


“Recent Marine Sediments is a valuable and helpful addition to geologic literature and should 
serve as a useful supplement to the Treatise on Sedimentation.” —Edwin D. McKee in Economic 
Geology (January-February, 1940). 


° 736 pages; 139 figures 
* Bibliographies of 1,000 titles; 72 pages of author, citation, and subject index 
* Bound in blue cioth; gold stamped; paper jacket; 6x9 inches 


PRICE: $5.00, POSTPAID 


($4.00 TO A.A.P.G. MEMBERS AND ASSOCIATE MEMBERS, 
LIBRARIES, AND COLLEGES) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
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An A.A.P.G. Book of Oil-Field Structure 


Articles on 
Fields in 
berta 


Quebec 
California 
Washington 
Idaho 
Oregon 
Utah 
Montana 
Wyoming 
Colorado 
New Mexico 
Texas 
Kansas 
Oklahoma 
Arkansas 
Louisiana 
Michigan 
Illinois 
Indiana 
Kentucky 
Ohio 
Tennessee 
Mississippi 
Alabama 
New York 
Pennsylvania 
West Virginia 
Mexico 


Valuation 
Reserves 
Helium 

Rare Gases 
The {Industry 


Geology of 
Natural Gas 


Edited by HENRY A. LEY 


Here for the first time has been assembled a comprehensive geologic 
treatise of the occurrence of natural gas on the North American Continent. 


@ 1227 pages, including a carefully prepared index of 77 pages 


@ 250 excellent illustrations, including Maps, Sections, Charts, 
Tables, Photographs 


@ Bound in Blue Cloth. 6 x 9 x 2 inches 


! 


Reduced illustration showing natural gas regions in United States 


“There is scarcely any important fact relative to North American gas, be it stratigraphical, 
structural, or statistical, that cannot be readily obtained from the volume.’’—Romanes in 
Jour. Inst. Petrol. Tech. (London). 


Price, postpaid, only $4.50 to paid-up members and associates, $6.00 to others 


The American Association of Petroleum Geologists 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
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GEOLOGY 


OF THE 


TAMPICO REGION 
MEXICO 


By JOHN M. MUIR 


CONDENSED TABLE OF CONTENTS 


PART I. INTRODUCTORY. History. Topography. Drainage. (Pages 1-6.) 

PART II. STRATIGRAPHY AND PALAEOGEOGRAPHY. Palaeozoic. 
Mesozoic. Tertiary. (7-142.) 

PART III. IGNEOUS ROCKS AND SEEPAGES. Asphalt. Oil. Gas. (143-158.) 

PART IV. GENERAL STRUCTURE AND STRUCTURE OF OIL FIELDS. 
Northern Fields and Southern Fields: Introduction, Factors Govern- 
ing Porosity, Review of Predominant Features, Production, Descrip- 
Hon, a Pool and Field, Natural Gas, Light-Oil Occurrences. 

-225.) 

APPENDIX. Oil Temperatures. Salt-Water Temperatures. Well Pressures. Strip- 
ping Wells. Shooting and Acid Treating. Stratigraphical Data in Mis- 
cellaneous Areas. List of Wells at Tancoco. (226-236.) 

BIBLIOGRAPHY (237-247). LIST OF REFERENCE MAPS (248). GAZET- 
TEER (249-250). 
INDEX (251-280). 


“A volume that will mean the saving of countless hours of research to future workers in the 
fag ag —- . W. Stephenson, of the United States Geological Survey, in his introduction 
to the book. 


“This book deals primarily with the geology of the Tampico embayment, but the author has 


viewed his objective with a broad perspective and presents the oil fields of that area against a 
background of the geologic history of Mexico. ... frei is an authoritative work vy an expert on 
an area which has been one of the most important oil-producing regions of the world. The excellent 
areal ee oe Tampico embayment and the structure maps of the oil fields are significant 
contributions to Mexican geology. The extensive faunal lists from definite localities in each forma- 
tion will be welcomed by students of earth history who seek to correlate the events in Mexico with 
the panorama of geologic development throughout the world.”—Lewis B. Kellum, of the Univer- 
sity of Michigan, in Bull. Amer. Assoc. Petrol. Geol. 

“As a contribution to stratigraphy, this book is conspicuous for its discriminating and penetrating 
ng ony ~ Peas Jeanne Plummer, of the University of Texas Bureau of Economic Geology, 
in Jour. eon. 


© 280 pages, including bibliography and index 

© 15 half-tones, 41 line drawings, including 5 maps in pocket 
© 212 references in bibliography 

® Bound in blue cloth; gold stamped; paper jacket. 6 x 9 inches 


$4.50, post free 
$3.50 to A.A.P.G. members and associates 


The American Association of Petroleum Geologists 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
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MEDAL 
GEOGELS 


Especially Made 
for the 


GEOPHYSICAL 
TRADE 


AT IN 


Ht SPEED 2x16. 


ILLINOIS POWDER 


MANUFACTURING COMPANY 
FOURTH and PINE .- ST. LOUIS, MO. 
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An A. A. P. G. book Recommended! 


MIOCENE STRATIGRAPHY 
OF 


CALIFORNIA 


By ROBERT M. KLEINPELL 


This Work Establishes a Standard Chronologic-Biostratigraphic Section 
for the Miocene of California and Compares It with the Typical 
Stratigraphic Sequence of the Tertiary of Europe 


WHAT OTHERS HAVE WRITTEN ABOUT IT 


“In spite of any defects it may have, moreover, many of us suspect that Kleinpell’s 
book is of the kind called epoch-making. If so, in 50 or 100 years it will stand out like 
a beacon among its contemporaries and, along with a very few others of them will read 
with a ‘modern’ tang. Oppel’s ‘Die Juraformation,’ or Suess’ ‘Die Entstehung der Alpen,’ 
or to go back to the beginning, De Saussure’s ‘Les Voyages dans les Alpes’ may be cited 
among older geological classics that are now distinguished by this same tang.”—Ralph 
D. Reed in Journal of Paleontology, Vol. 13, No. 6 (November, 1939), p. 625. 


“The Neogene of California is disposed in tectonic basins, about a dozen in number, 
from Humboldt in the north to Los Angeles in the south. About half-way along i: the 
Paso Robles basin, and in this lies the Reliz Canyon, which provides the author with his 
type section. The aerial photograph serving as frontispiece shows the area to be sufficiently 
arid to give a practically continuous exposure; but one must admire the painstaking 
determination with which so many successive associations of Foraminifera were col- 
lected, identified and tabulated. Such labour would scarcely have been thought of with- 
out the stimulus which the search for oil has given to the detailed study of Foraminifera. 

“This should be the standard work on the Miocene of California for years to come.” 

A.M.D. in Nature, Vol. 144 (London, December 23, 1939), p. 1030. 


© 450 pages. 

® 14 line drawings, including correlation chart in poc'-et. 

© 22 full-tone plates of Foraminifera. 

® 18 tables (check lists and range chart of 15 pages). 

® Bound in blue cloth; gold stamped; paper jacket; 6x9 inches. 


PRICE: $5.00, POSTPAID 


($4.50 TO A.A.P.G. MEMBERS AND ASSOCIATE MEMBERS, 
LIBRARIES, AND COLLEGES) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
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HERCULES POWDER: COMPANY 


Incorporated 


908 KING STREET 
WILMINGTON, DELAWARE 
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HIGHER PERCENTAGE RECOVERY 


REED OFFERS A 
COMPLETE CORING SERVICE 


REED ROLLER BIT COMPANY 
HOUSTON, TEXAS 
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PRODUCER DRY HOLE 
Amerada No. 26 Foley Texas Co. No. 1 E. J. Kainer 

Fairbanks, Tex. +  Algoa, Tex. 

Total Total 
Hydrocarbens Hyd b 


Hydrogen 


Geochemical Well Logging will de- 


ww 


tect and in most cases predict the 


presence of a producing horizon 
while the well is being drilled. Well 
cuttings are analyzed for significant 
constituents. The advisability of run- 
ning casing may be determined. 


Less coring will be required. Fewer 
wells will be abandoned without 
adequate test. 


DEPTH IN THOUSAND FEET 


DEPTH IN THOUSAND FEET 


Call in G. S. I.—their indisputable 
leadership and experience in seis- 


mograph and geochemical surveys 
is your assurance of a reliable Geo- 


chemical Log accurately inter- 


preted. The cost is surprisingly low. 


GEOPHYSICAL SERVICE INC. 


EUGENE McDERMOTT, President 


SEISMOGRAPH SURVEYS \\ Branch Offices: Houston, Texas - Jackson, Miss. 
SOIL SURVEYS Los Angeles, Calif. @ Tulsa, Okla. 
DALLAS, TEXAS 
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DEEP ORILLING 


DEMANDS A CERTAINTY OF CORE 


Hughes Tool Co. 


HOUSTON, TEXAS 


HUGHES 
—Type'J” 


C e B it 
ore Bit! 


